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(54) DNA PARTICIPATING IN HYDROXYLATION OF MACROLIDE COMPOUND 

(57) The present invention provides a DNA participating in biological transformation of a macrolide compound 
1 1 1 07B. The present invention provides, paticularly, a DNA participating in biological transformation of a macrolide 
compound 1 1107B represented by the formula (I) into a 16-position hydroxy macrolide compound 1 1107D represented 
by the formula (II), the DNA encoding a protein having 16-position hydroxylating enzymatic activity orferredoxin, to a 
method of isolating the DNA, to a protein encoded by the DNA, a plasmid carrying the DNA, a transf ormant obtained by 
transforming using the plasmid and a method of producing a 1 6-position hydroxy compound by using the transformant. 
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Description 

Field of the invention 

[0001] The present invention relates to a DNA participating In hydroxylation of a macrolide compound, a method of 
isolating it, a protein encoded by the DNA, a plasmid carrying the DNA, a transformant obtained by the transformation 
of the plasmid and a method of producing a 1 6-position hydroxy macrolide compound by using the transformant. 



[0002] The 12-membered ring macrolide compound 1 1107D represented by the formula (II): 




CH 3 H 3 C OH CH 3 
11107D 



is a 12-membered ring macrolide compound having an exellent antitumor activity and has been found, together with a 
12-membered ring macrolide compound 1 1 107B represented by the formula (I): 



H 3 C 




from a cultured product of a Steptmyces sp. Mer-11107 strain (WO02/060890). The macrolide compound 11107D 
corresponds to a 1 6-position hydroxyiated body of the macrolide compound 1 1 1 07B. The productivity of the macrolide 
compound 1 1 1 07D is lower than that of the macrolide compound 1 1 1 07B and it has been therefore desired to establish 
an efficient method of producing the macrolide compound 11 107D. 

Disclosure of the invention 



[0003] The purpose of the present invention is to find a DNA participating in hydroxylation of the macrolide compound 
1 1 1 07B to thereby provide a novel method of producing the macrolide compound 1 1 1 07D. 
[0004] The present invention relates to the following (1 } to (15): 



(1 ) a DNA participating in biological transformation of a macrolide compound (hereinafter referred to as a macrolide 
compound 1 1 1 07B) represented by the formula (I): 



EP 1 705 247 A1 



(I) 

into a 1 6-pos'rtion hydroxy macrolide compound (hereinafter referred to as a macrolide compound 1 1 1 07D) repre- 
sented by the formula (II): 



OH 

j CH 3 



(ID, 

the DNA being an isolated and pure DNA comprising a DNA encoding a protein having 1 6-position hydroxylating 
enzymatic activity or ferredoxin, partly or entirely or its variant; 

(2) the DNA described in (1), which is characterized by the following (a), (b) or (c): 

(a) a DNA encoding a protein having the enzymatic activity in hydroxylating the 1 6-position of themacrolide 
compound 1 1 1 07B and selected from the group consisting of a continuous nucleotide sequence from the base 
1322 to base 2548 of the sequence No. 1; a continuous nucleotide sequence from the base 420 to base 1604 
of the sequence No. 2; and a continuous nucleotide sequence from the base 1 72 to base 1 383 of the sequence 
No. 3; 

(b) a DNA which is a variant of the DNA described in the above (a); 

(i) is hybridized with the DNA described in the above (a) under a stringent condition; and 

(ii) encodes a protein having enzymatic activity in hydroxylating the 1 6-position of the macrolide compound 
11107B; and 

■(c) a DNA encoding a protein having the same amino acid sequence as the protein encoded by the DNA 
described in the above (a) or (b) though it is not hybridized with the DNA described in the above (a) under a 
stringent condition because of the degeneracy of a gene codon; 

(3) a protein encoded by the DNA as described in (2); 

(4) a self-replicative or integrating replicative recombinant plasmid carrying the DNA as described in (2); 

(5) a transformant into which the recombinant plasmid described in (4) transforms; 

(6) a method of isolating a DNA encoding a protein having enzymatic activity in hydroxylating the 1 6-position of the 
macrolide compound 1 1 1 07B, the method cha-acterized by using the DNA as described in (2) or a DNA constituted 
of a part of the DNA as a probe or a primer; 

(7) the DNA described in (1), which is characterized by the following (d), (e) or (f): 
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(d) a DNA encoding ferredoxin and selected from the group consisting of a continuous nucleotide sequence 
from the base 2564 to base 2761 of the sequence No. 1, a continuous nucleotide sequence from the base 1643 
to base 1 834 of the sequence No. 2 and a continuous nucleotide sequence from the base 1399 to base 1593 
of the sequence No. 3; 

(e) a DNA which is a variant of the DNA represented by the above (d); 

(i) is hybridized with the DNA described in the above (d) under a stringent condition; and 

(ii) encodes a protein having a ferredoxin function; and 

(f) a DNA encoding a protein having the same amino acid sequence as the protein encoded by the DNA 
represented by the above (d) or (e) though it is not hybridized with the DNA described in the above (d) under 
a stringent condition because of the degeneracy of a gene codon; 

(8) a protein encoded by the DNA as described in (7); 

(9) a self-replicative or integrating replicative recombinant plasmid carrying the DNA as described in (7); 

(10) a transformant into which the recombinant plasmid as described in (9) transforms; 

(1 1 ) a method of isolating a DNA encoding a protein having a ferredoxin function, the method characterized by using 
the DNA as described in (7) or a DNA constituted of a part of the DNA as a probe or a primer; 

(1 2) a method of producing a 1 6-position hydroxy macrolide compound.the method comprises the steps of culturing 
the transformant as described in (5) or (10) in a medium; bringing the proliferated transformant into contact with a 
macrolide compound represented by the formula (III): 




(wherein W represents 




[0005] R12, Rieb R i7a R i7b rib R20a_ R 20b R 2ia and R 2ib wnicn may be the same as or d iff eren t f r0 m, respectively 
represent 

(1 ) hydrogen atom; 

(2) a C.,.22 alkyl group which may have a substituent; 

(3) -OR (wherein R represents: 

1) hydrogen atom; or 

2) a 0^22 alkyl group; 

3) a C 7 . 22 aralkyl group; 

4) a 5-membered to.14-membered heteroaryloxyalkyl group; 

5) a C 2 . 22 alkanoyl group; 

6) a C 7 . 1S aroyl group; 

7) a C 3 . 23 unsaturated alkanoyl group; 

8) -COR 00 (wherein R co . represents: 

8-1) a 5-membered to 14-membered heteroaryloxyaryl group; 
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8-2) a C.^ alkoxy group; 

8-3) an unsaturated alkoxy group; 

8-4) a C 6 .14 aryloxy group; 

8-5) a 5-membered to 14-membered heteroaryloxy group; or 

8-6) a 3-membered to 14-membered nitrogen-containing non-aromatic heterocyclic group, each of which 
may have a substituent); 

9) a C.,.^ alkylsulfonyl group; 

10) a C 6 . 14 arylsulfonyl group; or 

1 1) .-SiR s1 R s2 R s3 , (wherein R s1 , R s2 and R 53 , which may be the same as ordifferentfrom, respectively represent 
a C^g alkyl group or a C 6 . 14 aryl group) , each of which may have a substituent); 

(4) a halogen atom; or 

(5) -RM-NRN1RN2, {wherein R" represents a single bond or -O-CO-; and R N1 and R N2 

1 ) may be the same as or different from, respectively represent: 

1 -1 ) hydrogen atom; or 

1-2) 

(i) a C,_22 alkyl group; 

(ii) an unsaturated C 2 . 2 2 alkyl group; 

(iii) a C 2 _22 alkanoyl group; 

(iv) a C 7 . 15 aroyl group; 

(v) an unsaturated C 3 . 23 alkanoyl group; 

(vi) a C 6 _ 14 aryl group; 

(vii) a 5-membered to 14-membered heteroaryl group; 
(vlli) a C 7 . 22 aralkyl group; 

(ix) a C.,.22 alkylsulfonyl group; or 

(x) a C 6 . 14 arylsulfonyl group, each of which may have a substituent, or 

2) and R m and R N2 may be combined with the nitrogen atom to which they bound, to form a 3-membered to 
14-membered nitrogen-containing non-aromaticheterocyclic group), provided that 

R 21a and R 2,b may be combined with each other to form (i) a ketone structure (=0) or (ii) an oxime structure 
{=NOR OX (wherein R°* represents a 0 V22 alkyl group, an unsaturated C 2 _ 22 alkyl group, a C 6 . 14 aryl group, a 
5-membered to 1 4-membered heteroaryl group or a C 7 . 22 aralkyl group, each of which may have a substituent)}; 
pi6a represents hydrogen atom; 
R 21c represents: 

(1 ) hydrogen atom; or 
(2) 




(wherein R 223 , R 22 * 3 and R 220 , which may be the same as or different from, respectively represent: 

1 ) hydrogen atom; 

2) a C^g alkyl group; 

3) -OR (wherein R has the same meaning as the above); 

4) -R M -NR N1 R N2 (wherein R M , R N1 and R N2 have the same meanings as the above); or 

5) a halogen atom, or any one of R 21a and R 21b may be combined with any one of R 223 and 
R 22b to form the partial structure; 
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.21. 



R 21b ) 



(R 22a orR 22b ) 




) ; and G m represents: 



(1) a group represented by the formula (GM-I) : 



V 




R 2 



(GM-I) 



{wherein 

R 2 and R 10 , which may be the same as or different from, respectively represent hydrogen atom or a C,_ 22 
alkyl group; 

R 3a , R 3b , R ba , R 5b , R 6 * and R 6b , which may be the same as or different from, respectively represent: 

1 ) hydrogen atom; 

2) hydroxyl group; 

' 3) 

3-1) a C-,.22 alkyl group; 
3-2) a C 122 alkoxy group; 
3-3) a C 6 _ 14 aryloxy group; 

3-4) a 5-membered to 14-membered heteroaryloxy group; 

3-5) a C 2 2 2 alkanoyloxy group; 

3-6) a C 7 . 15 aroyloxy group; 

3-7) a C 3 _ 23 unsaturated alkanoyloxy group; 

3-8) -OCOR<» (wherein R<*> has the same meaning as the above); 

3-9) a C-,.22 alkylsulfonyloxy group; 

3-10) a C 6 . 14 arylsulfonyloxy group; or 

3-11) -OSiR s1 Rs2rs3 (wherein R s1 , R 152 and R 5 * have the same meanings as the above), each of 
which may have a substituent; 

4) a halogen atom; or 

5) -R M -NR m R NZ (wherein R M , R N1 and R N2 have the same meanings as the above); or 
R 5a and R 5b may be combined with each other to form a ketone structure (=0); or 

R 6a and R 6b may be combined with each other to form a spirooxysilanyl group or an exomethylene 
group; or 

R 7a and R 7b , which may be the same as or different from, respectively represent hydrogen atom or 
-ORH (wherein RH represents hydrogen atom, a C,.^ alkyl group or a C 2 22 alkanoyl group)); 

(2) a group represented by the formula (GM-II): 
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(GM-H) 



(wherein R2, R**, R3b Rte R 6b i R 7a R 7b and R 10 have the same meanings as those in the formula (GM-I)); 
(3) a group represented by the formula (GM-III): 




(GM-III) 



(wherein R 2 , R 5a , R 5 ", R 6a , R 6b , R 7a , R 7b and R 10 have the same meanings as those in the formula (GM-I)); 
(4) a group represented by the formula (GM-IV): 




(GM-IV) 



o 



(wherein R 2 , R 63 , R 7a , R 7b and R 10 have the same meanings as those in the formula (GM-I)); or 
(5) a group represented by the formula (GM-V): 
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(GM-V) 



'wherein R2, R3a_ R6a R 6b anc | rio have the same meanings as those in the formula (GM-I))) during or 
after culturing, to convert it into a 1 6-position hydroxy macrolide compound represented by the formula (IV): 




(wherein W, R« R i6b R i7a R i7b R 2o a> R2 ob R 2ia R 2i b> R 2ic and G m have the same meanmgs as those 
in the formula (III)); and then collecting the 1 6-position hydroxy macrolide compound thus converted; 

(13) a production method according to (12), wherein the transformant is the transformant as described in (5) and 
has a DNA encoding ferredoxin; 

(14) the producticn method as described in (12), the method comprises the step of converting a compound repre- 
sented by the formula (lll-a) : 



(wherein 




represents a double bond or a single bond; W represents a double bond or 

"A" 
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; R 5 ' represents hydrogen atom or an acetoxy group; R 6 ' represents hydrogen atom or hydroxyl group; and R 7 ' 
represents hydrogen atom or acetyl group) into a compound represented by the formula (IV-a): 



, W, R 5 ', R 6 ' and R 7 ' have the same meanings as those in the formula (lll-a)); 

(15) the production method as described in (14), wherein, in the conversion of the compound of the formula (lll-a) 
into the compound of the formula (IV-a) , the compound to be subjected is a compound selected from the group 
consisting of: 

(1) a compound in which 




OR 7 ' 



CH 3 H 3 C X OH CH 3 



(IV-a) 



(wherein 




4 



is a single bond; W is 




and R 5 ', R 6 ' and R 7 ' are respectively hydrogen atom; 



(2) a compound in which 




is a single bond, W is 



10 
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R 5 ' and R 6 ' are respectively hydrogen atom; and R 7 ' is acetyl group; 
(3) a compound in which 



is a single bond, W is 



R 5 ' and R 7 ' are respectively hydrogen atom; and R 6 ' is hydroxyl group; 
(4) a compound in which 



is a single bond, W is 



R 5 ' is hydrogen atom, R 6 ' is hydroxy group; and R r is acetyl group; 
(5) a compound in which 



is a single bond; W is a double bond; and R 5 ', R 6 ' and R 7 ' are respectively hydrogen atom; 
(6) a compound in which 
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is a single bond; W is a double bond; R 5 ' and R 6 ' are resoectively hydrogen atom; and R 7 ' is acetyl group; 
(7) a compound in which 




is a single bond; W is a double bond; R 5 ' and R 7 ' are respectively hydrogen atom; and R 6 ' is hydroxyl group; 

(8) a compound in which 

5— 4 

is a single bond; W is a double bond; R 5 ' is hydrogen atom; R 6 ' is hydroxy group; and R 7 ' is acetyl group; 

(9) a compound in which 



is a double bond; W is 




R 6 ' and R 7 ' are respectively hydrogen atom; and R 6 ' is hydroxyl group; 
(10) a compound in which 




is a double bond; W is 




R 5 ' is hydrogen atom; R 6 ' is hydroxy group; and R 7 ' is acetyl group; 
(1 1 ) a compound in which 



12 
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5—4 

is a single bond; W is 




R 5 ' is acetoxy group; R 6 ' is hydroxyl group; and R 7 ' is hydrogen atom; and 
(12) a compound in which 

5— 4 

is a single bond; W is 




R 5 ' is an acetoxy group; R c ' is hydroxyl group; and R 7 ' is acetyl group; and 

(1 6) use of the transformant as described in (5) or (10) for producing a 16-position hydroxy macrolide compound. 

[0006] The present invention made it possible to isolate a DNA encoding a proteinhaving the enzymatic activity in 
hydroxylatingthe 1 6-position of a macrolide compound 1 1 107B orferredoxin and to determine its nucleotide sequence. 
Moreover, a plasmid carrying the DNA and a transformant into which the plasmid transformed were formed and a 1 6- 
position hydroxy macrolide compound could be produced using the transformant in an efficient manner. 
[0007] Hereinafter, embodiments of the present invention will be explained in detail. 

Microorganisms having the ability of converting a macrolide compound 11107B into a macrolide compound 11107D 
[0008] In the present invention, a DNA encoding a protein having enzymatic activity in hydroxylating the 1 6-position 
orferredoxin, partly or entirely can be isolated from the mycelia isolated from a culture broth in which microorganisms 
having the ability of converting the macrolide compound 1 1 107B into the macrolide compound 1 1 1 07D are cultured and 
the nucleotide sequence of the DNA can be determined. Then, a self-replicative or integrating replicative recombinant 
plasmid carrying the DNA is architecturally formed and a transformant is prepared using the plasmid. 
[0009] The transformant thus prepared is cultured in the culture media and the proliferated transformant is brought 
into contact with the macrolide compound represented by the above formula (III) during or after culturing, to thereby 
covert the macrolide compound into the 16-position hydroxy macrolide compound represented by the formula (IV) and 
the converted 16-position hydroxy macrolide compound is collected, whereby the 16-position hydroxy macrolide com- 
pound can be obtained. 

[001 0] Any microorganisms having the ability of converting the macrolide compound 1 1 1 07B into the macrolide com- 
pound 1 1 1 07D may be used irrespective of the type of species and strain. Preferable examples of the microorganisms 
may include a Streptomyces sp. Mer-1 1 1 07 or A-1544 strain and an unidentified Actinomyces A-1560 strain which were 
each isolated from soils. 

[001 1] It is to be noted that the Streptmyces sp. Mer-1 1 1 07 was deposited as FERM P-1 81 44 at the National Institute 
of Bioscience and Human-Technology Agency of Industrial Science and Technology (1-3, Higashi 1-chome Tsukuba- 
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shi, Ibaraki-ken 305-8566 Japan) as of December 19, 2000, and then transferred to International Deposit FERM BP- 
7812 at International Patent Organism Depositary (IPOD) National Institute of Advanced Industrial Science and Tech- 
nology (Tsukuba Central 6, 1-1, Higashi 1-Chome,Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of November 27, 2001. 
The A-1544 strain was deposited as FERM P-18943 at International Patent Organism Depositary National Institute of 

5 Advanced Industrial Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken 
305-8566 Japan) as of July 23, 2002, and then transferred to International Deposit FERM BP-8446 as of July 30, 2003, 
at International Patent Organism Depositary (IPOD) National Institute of Advanced Industrial Science and Technology 
(Tsukuba Central 6,1-1, Higashi 1 -Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan). The A-1560 strain was deposited 
as FERM P-19585 at the National Institute of Bioscience and Human-Technology Agency of Industrial Science and 

to Technology (1-3, Higashi 1 -chome Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of November 13, 2003 and then trans- 
ferred to International Deposit FERM BP-10102 as of August 19, 2004, at International Patent Organism Depositary 
(IPOD) National Institute of Advanced Industrial Science and Technology (Tsukuba Central 6, 1-1, Higashi 1 -Chome, 
Tsukuba-shi, Ibaraki-ken 305-8566 Japan). 

[0012] The taxonomical properties of the above strains are as follows. 

15 

(Taxonomical properties of the Mer-1 1 1 07 strain) 

(1 ) Morphological characteristics 

so [0013] Spiriles type aerial hyphae were extended from the vegetative hyphae. Spore chains consisting of about 10 to 
20 cylindrical spores were formed at the end of the matured aerial hyphae. The size of the spores was about 0.7X1 .0p,m, 
the surface of the spores was smooth, and specific organs such as sporangium, sclerotium and flagellum were not 
observed. 

25 (2) Cultural characteristics on various media 

[0014] Cultural characteristics of the strain after incubation at 28°C for two weeks on various media are shown as 
follows. The color tone is described by the color names and codes which are shown in the parentheses of Tresner's 
Color wheels. 

30 

1 ) Yeast extract-malt extract agar medium 

The strain grew well, the aerial hyphae grew up on the surface, and light gray spores (Light gray; d) were observed. 
The reverse side of colony was Light melon yellow (Sea). Soluble pigment was not produced. 

2) Oatmeal agar medium 

as The strain grew moderately, the aerial hyphae grew slightly on the surface, and gray spores (G ray; g) were observed. 

The reverse side of colony was Nude tan (4gc) or Putty (1 1/2ec). Soluble pigment was not produced. 

3) Inorganic salts-starch agar medium 

the strain grew well, the aerial hyphae grew up on the surface, and gray spores (Gray; e) were observed. The 
reverse side of colony was Fawn (4ig) or Gray (g). Soluble pigment was not produced. 
40 4) Glycerol-asparagine agar medium 

The strain grew well, the aerial hyphae grew up on the surface, and white spores (White; a) were observed. The 
reverse side of colony was Pearl pink (3ca). Soluble pigment was not produced. 

5) Peptone-yeast extract-iron agar medium 

The strain growth was bad, and the aerial hyphae did not grow on the surface. The reverse side of colony was Light 
45 melon yellow (3ea). Soluble pigment was not produced. 

6) Tyrosine agar medium 

The strain grew well, the aerial hyphae grew up on the surface, and white spores (White; a) were observed. The 
reverse side of colony was Pearl pink (3ca). Soluble pigment was not produced. 

so (3) Utilization of various carbon sources 

[0015] Various carbon sources were added to Pridham-Gottlieb agar and incubated 28°C for 2 weeks. The growth of 
the strain is shown below. 

55 1 ) L-arabinose ± 

2) D-xylose ± 

3) D-glucose + 

4) D-fructose + 
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5) Sucrose + 

6) Inositol +'■•'.' 

7) L-rhamnose - 

8) D-mannitol + 

9) Raffinose + 

(+ positive, ± slightly positive, - negative) 

(4) Various physiological properties 

[0016] Various physiological properties of the present strain are as follows. 

(a) Range of growth temperature (yeast extract-malt extract agar, incubation for 2 weeks): 12°C to 37°C 

(b) Range of optimum growth temperature (yeast extract-malt extract agar, incubation for 2 weeks): 21 °C to 33°C 

(c) Liquefaction of gelatin (glucose-peptone-gelafm medium): negative 

(d) Coagulation of milk (skim milk medium): negative 

(e) Peptonization of milk (skim milk medium): negative 

(f) Hydrolysis of starch (inorganic salts-starch agar) : positive (g) Formation of melanoid pigment (peptone-yeast 
extract-iron agar): negative 

(tyrosine agar): negative 

(h) Production of hydrogen sulfide (peptone-yeast extract-iron agar): negative 

(i) Reduction of nitrate (broth containing 0.1% potassium nitrate): negative 

(j) Sodium chloride tolerance (yeast extract-malt extract agar, incubation for 2 weeks): grown at a salt content of 
4% or less 

(5) Chemotaxonomy 

[0017] LL-diaminopimelic acid and glycin were detected from the cell wall of the present strain. 
(Taxonomical properties of the A-1 544 strain) 

(1 ) Morphological characteristics 

[001 8] Spira type aerial hyphae were extended from vegetative hyphae in this strain. Spore chains consisting of about 
10 to 20 of cylindrical spores were formed at the end of the matured aerial hyphae. The size of the spores was about 
1.0 x 1.2 to 1.4 jim, the surface of the spores was spiny, and specific organs such as sporangium, sclerotium and 
flagelium were not observed. 

(2) Cultural characteristics on various media 

[001 9] Cultural characteristics of the strain after incubation at 28°Cfortwo weeks on various media are shown in Table 
1 . The colortone is described by the color names and codes which are shown in the parentheses of Tresner's Color wheels. 



Table 1 



Medium 


Growth 


Aerial hyphae 


Color of vegetative 
hyphae 


Soluble pigment 


Yeast extract -malt 
extract agar (ISP-2) 


Good 


Thick Silver gray (3fe) 


Light melon yellow (3ea) 


None 


Oatmeal agar (ISP-3) 


Good 


Abundant Light gray to 
Silver gray (d to 3fe) 


Light melon yellow (3ea) 


None 


Inorganic salts - starch 
agar (ISP-4) 


Good 


Abundant Silver gray 
(3fe) 


Light melon yellow (3ea) 


None 


Glycerol - asparagine 
agar (ISP-5) 


Good 


Abundant Ashes (5fe) 


Light melon yellow (3ea) 


None 


Peptone-yeast extract - 
iron agar (ISP-6) 


Good 


None 


Light melon yellow (3ea) 


Pale blackish brown 



EP 1 705 247 A1 



(continued) 



Medium 


Growth 


Aerial hyphae 


Color of vegetative 
hyphae 


Soluble pigment 


Tyrosine agar (ISP-7) 


Good 


Abundant Covert gray 
(2fe) 


Light melon yellow (3ea) 





(3) Utilization of various carbon sources 



[0020] Various carbon sources were added to Pridham-Gottlieb agar and incubated at 28°C for 2 weeks. The growth 
of the strain is shown in Table 2. 



Table 2 



D-glucose 




inositol 




L-arabinose 




L-rhamnose 




D-xylose 




D-mannitol 




D-fructose 




raffinose 




sucrose 








+: positive, ±: slightly positive, -: negative 



(4) Various physiological properties 

[0021] Various physiological properties of the present strain are as follows. 



(a) Range of growth temperature (yeast extract-malt extract agar, incubation for 2 weeks): 1 5°C to 41 °C 

(b) Range of optimum growth temperature (yeast extract-malt extract agar, incubation for 2 weeks): 20°C to 37°C 

(c) Liquefaction of gelatin (glucose-peptone-gelatin medium) : positive 

(d) Coagulation of milk (skim milk medium): positive 

(e) Peptonization of milk (skim milk medium): positive 

(f) Hydrolysisofstarch(inorganicsalts-starch agar) positive 

(g) Formation of melanoid pigment (peptone-yeast extract-iron agar): positive 
(tyrosine agar): negative 

(h) Production of hydrogen sulfide (peptone-yeast extract-iron agar): positive 

(i) Reduction of nitrate (broth containing 0.1% potassium nitrate): negative 

G) Sodium chloride tolerance (yeast extract-malt extract agar, incubation for 2 weeks) : grown at a salt content of 
7% or less 

(5) Chemotaxonomy 



[0022] LL-diaminopimelic acid was detected from the cell wall of the present strain. 
DNA of the present invention 



[0023] The present inventors have isolated a DNA participating in the hydroxylation of the 1 6-position of a macrolide 
compound, specifically, a DNA encoding a protein having 1 6-position hydroxylating enzymatic activity and a DNA en- 
coding a protein having a ferredoxin function from the above microorganisms and determined the nucleotide sequence 
of the DNA. The DNA encoding a protein having 1 6-position hydroxylating enzymatic activity and the DNA encoding a 
protein having a ferredoxin function are hereinafter genericaliy called "a 1 6-position hydroxylating enzyme relevant DNA" 
as the case may be. 

[0024] The DNA encoding a protein having 1 6-position hydroxylating enzymatic activity is those represented by the 
following (1-1), (1-2) or (1-3): 



(1-1) a DNA selected from those having a continuous nucleotide sequence from the base 1322 to base 2548 of the 
sequence No. 1 , a continuous nucleotide sequence from the base 420 to base 1604 of the sequence No. 2 and a 
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continuous nucleotide sequence from the base 172 to base 1383 of the sequence No. 3; 
(1 -2) a DNA which is a variant of the DNA described in the above (1-1 ); 

(i) is hybridized with any one of the DNAs described in the above (1 -1) under a stringent condition; and 

(ii) codes a protein having enzymatic activity in hydroxyiating the 16-position of the macrolide compound; and 

(1 -3) a DNA encoding a protein having the same amino acid sequence as the protein encoded by the DNA described 
in the above (1 -1) or (1 -2) though it is not hybridized with any of the DNA described in the above (1 -1 ) or (1-2) under 
a stringent condition because of the degeneracy of a gene codon. 

[0025] The "16-position hydroxyiating enzymatic activity" means such enzymatic activity as to hydroxylate the 16- 
position of the macrolide compound 1 1 1 07B represented by the formula (I) to thereby convert the macrolide compound 
into the macrolide compound 1 1 1 07D represented by the formula (II). 

[0026] The DNA encoding a protein having a ferredoxin function in the present invention is those represented by the 
following (2-1), (2-2) or (2-3). 

(2-1 ) a DNA encoding ferredoxin and selected from the group consisting of a continuous nucleotide sequence from 
the base 2564 to base 2761 of the sequence No. 1 , a continuous nucleotide sequence from the base 1 643 to base 
1 834 of the sequence No. 2 and a continuous nucleotide sequence from the base 1 399 to base 1 593 of the sequence 
No. 3; 

(2-2) a DNA which is a variant of the DNA described in the above (2-1); 

(i) is hybridized with the DNA described in the above (2-1) under a stringent condition; and 

(ii) codes a protein having a ferredoxin function; and 

(2-3) a DNA encoding a protein having the same amino acid sequence as the protein encoded bythe DNA represented 
by the above (2-1 ) or (2-2) though it is not hybridized with the DNA represented by the above (2-1 ) under a stringent 
condition because of the degeneracy of a gene codon. 

[0027] "The ferredoxin function" means the protein function of transferring electrons to the above 1 6-position hydrox- 
yiating enzyme to bear a role together with the above 1 6-position hydroxyiating enzyme in the hydroxylation reaction. 
[0028] Also, "the nucleotide sequence hybridized under a stringent condition" means a DNA nucleotide sequence 
obtained when any one of the DNAs of the above (1 -1 ) and (1 -2) is usedas aprobe and, forexample, a colony hybridization 
method, plaque hybridization method or Southern blot hybridization method is used. Examples of the DNA having such 
a nucleotide sequence may include those identified by carrying out hybridization in the presence of 0.7 to 1 .0 M NaCI 
at 65°C using a filter to which a DNA derived from a colony or a plaque or a fragment of the DNA is fixed and then 
washing the filter at 65°C by using 0.1 to 2 X SSC solution (1 x SSC solution: 150 mM sodium chloride and 15 mM 
sodium citrate). The hybridization maybe carried out according to the method described in Molecular Cloning: A laboratory 
Mannual, 2nd Ed. , Cold Spring Harbor Laboratory, Cold Spring Harbor, NY., 1989 (hereinafter abbreviated as molecular 
cloning, 2nd ed.). 

[0029] Examples of the DNA hybridized in a stringent condition include DNAs having a nucleotide sequence having 
a certain level or more of homology with the nucleotide sequence of the DNA to be used as the probe, and specifically 
DNAs having a nucleotide sequence having 80% or more, preferably 85% or more, more preferably 90% or more, still 
more preferably 95% or more and most preferably 98% or more homology with the nucleotide sequence of the DNA 
used as the probe. 

[0030] There is no particular limitation to a method of obtaining the 16-position hydroxyiating enzyme relevant DNA. 
An appropriate probe or a primer is prepared based on the information of the nucleotide sequence described in the 
sequence No. 1 , No. 2 or No. 3 of the sequence chart in this specification. Using the probe or primer, a DNA library of 
microorganisms belonging to Actinomyces is screened, and thus the DNA of the present invention can be isolated. The 
DNA library can be produced by the usual method from microorganisms expressing the aforementioned 1 6-position 
hydroxyiating enzymatic activity. 

[0031] The 16-position hydroxyiating enzyme relevant DNA of the present invention can also be obtained by a PCR 
method. A DNA library derived from the aforementioned microorganisms is used as a template and a pair of primers 
which are so designed as to amplify any one of the nucleotide sequences described in the sequence No. 1, No. 2 or 
No. 3 are used to carry out PCR. The reaction condition of the PCR may be appropriately designed. Examples of the 
reaction condition may include the condition of a process in which the cycle of the process involving a reaction run at 
94°C for 30 seconds (denaturing), a reaction run at 55°C for 30 seconds to one minute (annealing) and a reaction run 
at 72°C for 2 minutes (extension) is repeated 30 times and then a reaction is run at 72°C for 7 minutes. Then, the 
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amplified DNA fragment can be cloned in a vector which can be amplified in a proper host. 

[0032] The aforementioned operations such as the preparation of a probe or a primer, the construction of a DNA 
library, the screening of a DNA library and the cloning of a target gene are obvious to a person skilled in the art and may 
be carried out according to methods as described in for example, Molecular Cloning 2nd ed., Current Protocols in 
Molecular Biology, Supplement 1 to 38, John Wiley & Sons (1987-1 997). 

[0033] No particular limitation is imposed on a method of obtaining the protein in the present invention. The protein 
may be a protein synthesized by chemical synthesis or a recombinant protein produced by gene recombination tech- 
niques. When the recombinant protein is produced, first, the DNA encoding the protein as described above in this 
specification is obtained. The protein of the present invention can be produced by introducing this DNA into a proper 
expression system. Manifestation of the protein in the expression system will be described later in the specification. 

Recombinant vector in the present invention 

[0034] The DNA of the present invention may be used in the situation where it is inserted in an appropriate vector. No 
particular limitation is imposed on the kind of the vector to be used in the present invention and the vector maybe either 
a self-repricative one (for example, a plasmid) or one that is incorporated into a genome of a host cell when introduced 
into the host cell and is replicated together with the incorporated chromosome. In the expression vector, the DNA of the 
present invention is operationally linked to elements (for example, a promoter) which are necessary for transcription. 
The promoter is a DNA sequence exhibiting transcriptional activity in a host cell and may be selected suitably corre- 
sponding to the type of host. 

The transformant of the present invention and production of a recombinant protein using the transformant 
[0035] The transf ormant may be produced by introducing the DNA or recombinant vector of the present invention into 
an appropriate host The host cell into which the DNA or recombinant vector of the present invention is introduced may 
be any desired cell which can express the gene according to the present invention. Examples of the host cell include 
bacteria, yeast, fungi and higher eucaryotec cells. Examples of the bacterial cell include Gram-positive bacteria such 
as Bacillus or Streptomyces or Gram-negative bacteria such as E. coli. The transformation of these bacteria may be 
accomplished using a competent cell according to a protoplast method, electroporation method or other known methods. 
For example, the electroporation method may be performed as follows. A plasmid into which a foreign gene is inserted 
is added to a suspension of the competent cell, this suspension is poured into a cuvet specially used for an electroporation 
method and high-voltage electric pulse is applied to the cuvet. Then, the cells are cultured in a selective medium and a 
transformant is isolated on a plate agar media. 

[0036] Examples of the yeast cell include cells belonging to Saccharomyces or Schizosaccharomyces. Specific ex- 
amples of the yeast cell include Saccharomyces cerevisiae or Saccharomyces kluyveri. Examples of a method of intro- 
ducing the recombinant vector into the yeast host may include an electroporation method, spheroplasto method and 
lithium acetate method. Examples of the above other fungus cell include mycotic cells belonging to Aspergillus, Neu- 
rospora, Fusarium orTrichoderma. When mold fungi are used as the host cell, a DNA architecture is incorporated into 
a host chromosome to obtain a recombinant host cell, whereby transformation can be accomplished. The incorporation 
of the DNA architecture into the host chromosome can be accomplished, for example, by homologous recombination 
or heterologous recombination. 

[0037] The above transformant is cultured in an appropriate nutrient medium underthe condition enabling the expres- 
sion of the introduced gene. In order to isolate the protein of the invention from the culture product of the transformant 
and to purify the protein, the usual protein isolating and purifying method may be used. 

[0038] For example, when the protein of the present invention is expressed in a soluble form in cells, the cells are 
collected by centrifugation afterthe cultivation is finished and are suspended in a buffer solution. Then, the suspended 
solution is subjected to, for example, a ultrasonic crusherto break the cells, thereby obtaining a cell-free extract and the 
cell-free extract is centrifuged. A purified preparation can be obtained from the obtained supernatant by combining 
measures such as the usual isolation and purifying methods such as a solvent extraction method, salting-out method 
using ammonium sulfate, desalting method.precipitation method usingan organic solvent, anion exchange chromatog- 
raphy using a resin such as diethylaminoethyl (DEAE) sepharose, cation exchange chromatography using a resin such 
as SP-Sepharose FF (manufactured by Amasham Bioscience Company), hydrophobic chromatography using a resin 
such as butyl sepharose and phenyl sepharose, gel filtration method using a molecular sieve, affinity chromatography, 
chromato-focusing method and electrophoresis method such as an isoelectric focusing electrophoresis. 

Method of production of 16-position hydroxy macrolide compounds 



[0039] The present invention involves a method of producing 1 6-position hydroxy macrolide compounds represented 
by the above formula (IV), the method comprising using a transformant into which a DNA encoding a protein having 1 6- 
position hydroxylating enzymatic activity or a protein having a ferredoxin function is introduced and hydroxylating mac- 
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rolide compounds represented by the above formula (III) in the presence of the transformant. 
[0040] The macrolide compounds that can be hydroxylated by the transformant of the present invention is macrolide 
compounds represented by the above formula (III) (macrolide compounds represented by the above formula (IV)), 
preferably macrolide compounds represented by the above formula (lll-a) (macrolide compounds represented by the 
s above formula (IV-a) and more preferably the macrolide compound 1 1 1 07B (macrolide compound 1 1 1 07D). The com- 
pounds in the parenthesis are 16-position hydroxy macrolide compounds that are hydroxylated products. 
[0041] The condition under which the macrolide compounds are hydroxylated in the presence of the transformant is 
as follows, 

[0042] First, the 1 6-position hydroxylating enzyme relevant DNA in the transformant is expressed by adding, if nec- 

io essary, inducing materials. The strain expressing the DNA is brought into contact with the macrolide compounds rep- 
resented by the above formula (III) to run a conversion reaction. The temperature of the conversion reaction may be 
suitably determined taking the optimum growth temperature of the transformant into account. Tfie reaction time may 
also be suitably determined in consideration of the conversion rate (degree of progress of the reaction) into the 16- 
position hydroxy macrolide compound. For example, the condition of 20 to 31 °C and 1 to 5 days is preferable. Moreover, 

J5 as to the reaction system, the reaction may be run in any system including a batch system or a continuous system. 
[0043] For the isolation and purifying of the produced 16-position hydroxymacrolidecompounds, the separation and 
purifying method used usually to isolate a microbial metabolite from theculture broth may be utilized. All known separation 
and purifying methods such as organic solvent extraction using methanol, ethanol, acetone, butano 1 , ethyl acetate, butyl 
acetate, chloroform or toluene, absorption chromatograph using a hydrophobic adhesive resin such as Diaion HP-20, 

20 gel filtration chromatography using Sefadex LH-20, adsorption chromatography using activated carbon, silica gel or the 
like, absorption chromatograph using thin-layer chromatography and high-performance liquid chromatography using an 
reverse phase column are equivalent to these separation and purifying methods. The separation and purifying method 
is not limited to these methods shown here. These methods may be used singly or in combinations of two or more in 
an optional order or repeatedly, which makes it possible to isolate and purify the target 16-position hydroxy macrolide 

25 compounds. 

[0044] The variant of the DNA in the present invention means a DNA that is obtained by modifying the DNA by deletion, 
conversion, addition or insertion treatments in the structural base of the DNA or its derivatives and shows the same 
effects as the original DNA. 

[0045] The "halogen atom" used in the specification of the present application means a fluorine atom, a chlorine atom, 

ao a bromine atom and an iodine atom. 

[0046] The "C U22 alkyl group" used in the specification of the present application indicates a linear or branched alkyl 
group having 1 to 22 carbon atoms, such as methyl group, ethyl group, n-propyl group, iso-propyl group, n-butyl group, 
iso-butylgroup, sec-butyl group, tert-butyl group, n-pentyl group, 1 ,1 -dimethylpropyl group, 1 ,2-dimethylpropyl group, 2, 
2-dimethylpropyl group, 1-ethylpropyl group, n-hexyl group, l-ethyl-2-methylpropyl group, 1,1,2-trlmethylpropyl group, 

35 1-methylbutyl group, 2-methylbutyl group, 1,1-dimethylbutyl group, 1 ,2-dimethylbutyl group, 2,2-dimethylbutyl group, 
1 ,3-dimethylbutyl group, 2,3-dimethylbutyl group, 1-ethylbutyl group, 2-ethylbutyl group, 2-methylpentyl group, 3-meth- 
ylpentyl group, n-heptyl group, n-octyl group, n-nonyl group or n-decyl group; preferably a linear or branched alkyl group 
having 1 to 6 carbon atoms, such as methyl group, ethyl group, n-propyl group, iso-propyl group, n-butyl group, iso-butyl 
group, sec-butyl group or tert-butyl group. 

*o [0047] The "unsaturated C 2 . 22 alkyl group" used in the specification of the present application indicates a linear or 
branched alkenyl group having 2 to 22 carbon atoms or a linear or branched alkynyl group having 2 to 22 carbon atoms, 
such as vinyl group, allyl group, 1 -propenyl group, isopropenyl group, 2-methyl-1 -propenyl group, 2-methyl-2-propenyl 
group, 1-butenyl group, 2-butenyl group, 3-butenyl group, 1-pentenyl group, 1-hexenyl group, 1 ,3-hexanedienyl group, 
1 ,5-hexanedienyl group, ethynyl group, 1 -propynyl group, 2-propynyl group, 1 -butynyl group, 2-butynyl group, 3-butynyl 

45 group, 1 -ethynyl-2-propynyl group, 2-methyl-2-propynyl group, 1-pentynyl group, 1-hexynyl group, 1 ,3-hexanediynyl 
group or 1,5-hexanediynyl group. It preferably indicates a linear or branched alkenyl group having 2 to 1 0 carbon atoms 
or a linear or branched alkynyl group having 2 to 10 carbon atoms, such as vinyl group, allyl group, 1 -propenyl group, 
isopropenyl group, ethynyl group, 1 -propynyl group, 2-propynyl group, 1 -butynyl group, 2-butynyl group or 3-butynyl 
group. 

so [0048] The "C e . 14 aryl group" used in the specification of the present application means an aromatic hydrocarbon 
group having 6 to 1 4 carbon atoms, and a monocyclic group and condensed rings such as a bicyclic group and a tricyclic 
group are included. Examples thereof are phenyl group, indenyl group, 1-naphthyl group, 2-naphthyl group, azulenyl 
group, heptalenyl group, indacenyl group, acenaphthyl group, fluorenyl group, phenalenyl group, phenanthrenyl group 
and anthracenyl group; of which a preferred example is phenyl group, 1 -naphthyl group or 2-naphthyl group. 

55 [0049] The "5-membered to 1 4-membered heteroaryl group" used in the specification of the present application means 
a monocyclic, bicyclic or tricyclic 5-membered to 1 4-membered aromatic heterocyclic group which contains one or more 
of hetero atoms selected from the group consisting of a nitrogen atom, sulfur atom and oxygen atom. Preferred examples 
thereof are a nitrogen-containing aromatic heterocyclic group such as pyrrolyl group, pyridinyl group, pyridazinyl group, 
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pyrimidinyl group, pyrazinyl group, triazolyl group, tetrazolyl group, benzotriazolyl group, pyrazolyl group, imidazolyl 
group, benzimidazolyl group, indolyl group, isoindolyl group, indolizinyl group, purinyl group, indazolyl group, quinolinyl 
group, isoquinolinyl group, quinoliziny! group, phthalazinyl group, naphthyridinyl group, quinoxalinyl group, quinazolinyl 
group, cinnolinyl group, pteiidinyl group, imidazotriazinyl group, pyrazinopyridazinyl group, acridinyl group, phenanthrid- 
inyl group, carbazolyl group, carbazolinyl group, perimidinyl group, phenanthrolinyl group, phenazinyl group, imidazo- 
pyridinyl group, imidazopyrimidinyl group, pyrazolopyridinyl group orpyrazolopyridinyl group; a sulfur-containing aromatic 
heterocyclic group such as thienyl group or benzothienyl group; and an oxygen-containing aromatic heterocyclic group 
such as furyl group, pyranyl group, cyclopentapyranyl group, benzofuryl group or isobenzofuryl group; an aromatic 
heterocyclic group containing two or more different hetero atoms, such as thiazolyl group, isothiazolyl group, benzothi- 
azolyl group, benzothiadiazolyl group, phenothiazinyl group, isoxazolyl group, furazanyl group, phenoxazinyl group, 
oxazolyl group, isoxazoyl group, benzoxazolyl group, oxadiazolyl group, pyrazolooxazolyi group, imidazothiazolyl group, 
thienofuranyl group, furopyrrolyl group or pyridoxazinyl group, of which a preferred example is thienyl group, furyl group, 
pyridinyl group, pyridazinyl group, pyrimidinyl group or pyrazinyl group. 

[0050] The "3-membered to 14-membered nitrogen-containing non-aromatic heterocyclic group" used in the specifi- 
cation of the present application means a monocyclic, bicyclic or tricyclic 3-membered to 14-membered non-aromatic 
heterocyclic group containing one or more nitrogen atoms. Preferable examples thereof include an azilidinyl group, 
azetizyl group, pyrrolidinyl group, pyrrolyl group, piperidinyl group, piperazinyl group, homopiperidinyl group, homopi- 
perazinyl group, imidazolyl group, pyrazolidinyl group, imidazolidinyl, morpholinyl group, thiomorpholinyl group, imida- 
zoline group, oxazolinyl group and quinuclidinyl group. The nitrogen-containing non-aromatic heterocyclic group also 
includes a group derived from a pyridone ring and a non-aromatic condensed ring (such as a group derived from a 
phthalimide ring or succinimide ring). 

[0051] The "C 2 _ 22 alkanoyl group" used in the specification of the present application means a group corresponding 
to the above-defined "C,. 22 alkyl group" in which the end thereof is a carbonyl group. Examples threof include acetyl 
group, propionyl group, butyryl group, iso-butyryl group, valeryl group, iso-valerylgroup, pivalylgroup, caproylgroup, 
decanoylgroup, lauroylgroup, myristoyl group, palmitoyl group, stearoyl group and arachidoyl group. Preferable examples 
thereof include alkanoyl groups having 2 to 6 carbon atoms such as acetyl group, propionyl group, butyryl group or iso- 
butyryl group. 

[0052] The "C 7 15 aroyl group" used in the specification of the present application means a group corresponding to 
the above-defined "C 6 . 14 aryl group" or "5-memberedto 14-membered heteroaryl group" to each of which end a carbonyl 
group is bonded. Examples thereof include benzoyl group, 1 -naphthoyl group, 2-naphthoyl group, picolinoyl group, 
nicotinoyl group, isonicotinoyl group and furoyl group. 

[0053] The "C3, 23 unsaturated alkanoyl group" used in the specification of the present application means a group 
corresponding to the above-defined "unsaturated C 2 22 alkyl group" to which end a carbonyl group is bonded. Examples 
thereof include an acryloyl group, propioloyl group, crotonoyl group, iso-crotonoyl group, oleloyl group and linolenoyl 
group. Preferable examples thereof include unsaturated alkanoyl groups having 2 to 6 carbon atoms and specifically 
an acryloyl group. 

[0054] The "Cy_ 22 aralkyl group" used in the specification of the present application means a group corresponding to 
the above-defined "C V22 alk y' group" of which substitutable moiety is replaced by the above-defined "C 6 . 14 aryl group" 
and being constituted of 7 to 22 carbon atoms. Specific examples thereof are benzyl group, phenethyl group, 3-phenyl- 
propyl group, 4-phenylbutyl group, 1 -naphthylmethyl group and 2-naphthylmethyl group, of which an aralkyl group having 
7 to 1 0 carbon atoms such as benzyl group or phenethyl group is preferred. 

[0055] The "C V2Z alkoxy group" used in the specification of the present application means a group corresponding to 
the above-defined "C.,. Z2 alkyl group" to which end an oxygen atom is bonded. Suitable examples thereof are methoxy 
group, ethoxy group, n-propoxy group, iso-propoxy group, n-butoxy group, iso-butoxy group, sec-butoxy group, tert- 
butoxy group, n-pentytoxy group, iso-pentyloxy group, sec-penty loxy group, n-hexyloxy group, iso-hexyloxy group, 1,1- 
dimethylpropoxy group, 1 ,2-dimethylpropoxy group, 2,2-dimethylpropoxy group, 2-ethylpropoxy group, 1 -ethyl-2-meth- 
ylpropoxy group, 1,1,2-trimethylpropoxy group, 1 ,2,2-trimethylpropoxy group, 1,1-dimethylbutoxy group, 1 ,2-dimethyl- 
butoxy group, 2,2-dimethylbutoxy group, 2,3-dimethylbutoxy group, 1 ,3-dimethylbutoxy group, 2-ethylbutoxy group, 1 ,3- 
dimethylbutoxy group, 2-methylpentyloxy group, 3-methylpentyloxy group and hexyloxy group. 
[0056] The "unsaturated C 2 _ 22 alkoxy group" used in the specification of the present application means a group cor- 
responding to the above-defined "unsaturated C 2 .22 alkyl group" to which end an oxygen atom is bonded. Suitable 
examples thereof are vinyloxy group, allyloxy group, 1 -propenyloxy group, isopropenyloxy group, 2-methyl-1 -propenyloxy 
group, 2-methyl-2-propenyloxy group, 1 -butenyloxy group, 2-butenyloxy group, 3-butenyloxy group, 1 -pentenyloxy 
group, 1-hexenyloxy group, 1 ,3-hexadienyloxy group, 1 ,5-hexadienyloxy group, propargyloxy group and 2-butynyloxy 
group. 

[0057] The "C 6 . 14 aryloxy group" used in the specification of the present application means a group corresponding to 
the above-defined "C 6 14 aryl group" to which end an oxygen atom is bonded. Specific examples thereof are phenoxy 
group, indenyloxy group, 1 -naphthyloxy group, 2-naphthyloxy group, azulenyloxy group, heptalenyloxy group, indace- 
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nyloxy group, acenaphthyloxy group, fluorenyloxy group, phenalenyloxy group, phenanthrenyloxy group and anthrace- 
nyloxy group. 

[0058] The "5-membered to 14-membered heteraaryioxy group" used in the specification of the present application 
means a group corresponding to the above-defined "5-membered to 14-membered heteroaryl group" to which end an 
oxygen atom is bonded. Specific examples thereof are pyrrolyloxy group, pyridinyloxy group, pyridazinyloxy group, 
pyrirnidinyloxy group, pyrazinyloxy group, triazolyloxy group, tetrazolyloxy group, benzotriazolyloxy group, pyrazolyloxy 
group, imidazolyloxy group, benzimidazolyloxy group, indolyloxy group, isoindolyloxy group, indolizinyloxy group, puri- 
nyloxy group, indazolyloxy group, quinolinyloxy group, isoquinolinyloxy group, quinolizinyloxy group, phthalazinyloxy 
group, naphthyridi nyloxy group, quinoxaiinyloxy group, quinazolinyloxy group, cinnolinyioxy group, pteridinyloxy group, 
imidazotriazinyloxy group, pyrazinopyridazinyloxy group, acridinyloxy group, phenanthridinyloxy group, carbazolyloxy 
group, carbazolinyloxy group, perimidinyioxy group, phenanthrolinyloxy group, phenazinyloxy group, imidazopyridi nyloxy 
group, imida.:opyrimidinyloxy group, pyrazolopyridinyloxy group, pyrazolopyridinyloxy group, thienyloxy group, benzo 1 
thienyloxy group, furyloxy group, pyranyloxy group, cyclopentapyranyloxy group, benzofuryloxy group, isobenzofuryloxy 
group, thiazolyloxy group, isothiazolyloxy group, benzothiazolyloxy group, benzothiadiazolyloxy group, phenothiaziny- 
loxy group, isoxazolyloxy group, furazanyloxy group, phenoxazinyloxy group, oxazolyloxy group, isoxazoyloxy group, 
benzoxazolybxy group, oxadiazolyloxy group, pyrazolooxa20lyloxy group, imidazothiazolyloxy group, thienofuranyloxy 
group, furopyrrolyloxy group and pyridoxazinyloxy group, of which a preferred example is thienyloxy group, furyloxy 
group, pyridyloxy group, pyridazyloxy group, pyrimidyloxy group or pyrazyloxy group. 

[0059] The "5-membered to 1 4-membered heteroaryloxyalkyl group" used in the specification of the present application 
means a group corresponding to the above-defined "C,. 6 alkyi group" which is substituted with the above-defined "5- 
membered to 14-membered heteroaryloxy group". 

[0060] The "C,. 22 alkylsulfonyl group" used in the specification of the present application means a sulfonyl group to 
which the above-defined "C,. 22 alkyl group" is bound. Specific examples thereof are methanesulfonyl group, ethanesul- 
fonyl group, n-propanesulfonyl group and iso-propanesulfonyl group. 

[0061] The "C 6 . 14 arylsulfonyl group" used in the specification of the present application means a sulfonyl group to 
which the above-defined "C 6 . 14 aryl group" is bound. Specific examples thereof are benzenesulfonyl group, 1 -naphtha- 
lenesulfonyl group and 2-naphthalenesulfonyl group. 

[0062] The "C,.^ alkylsulfonyloxy group" used In the specification of the present application means a group corre- 
sponding to the above-defined "C^_ 22 alkylsulfonyl group" to which end an oxygen atom is bonded. Examples thereof 
are methylsulfonyloxy group, ethylsulfonyloxy group, n-propylsulfonyloxy group and iso-propyisulfonyloxy group. 
[0063] Examples of the substituent in the term "may have a substituent" used in the specification of the present 
application include those selected from the group consisting of: 

(1) halogen atom; 

(2) hydroxyl group; 

(3) thiol group; 

(4) nitro group; 

(5) nitroso group; 

(6) cyano group; 

(7) carboxyl group; 

(8) sulfonyloxy group; 

(9) amino group; 

(1 0) a 22 alkyl group (for example, methyl group, ethyl group, n-propylgroup, iso-propyl group, n-butylgroup, iso- 
butyl group, sec-butyl group and tert-butyl group); 

(11) an unsaturated C 2 . 22 alkyl group (for example, vinyl group, allyl group, 1-propenyl group, isopropenyl group, 
ethynyl group, '1-propinyl group, 2-propinyl group, 1-butynyl group, 2-butynyl group and 3-butynyl group); 

(12) aC 6 _ 14 aryl group (for example, phenyl group, 1-naphthyl group and 2-naphthyl group); 

(13) a 5-membered to 14-membered heteroaryl group (for example, thienyl group, furyl group, pyridinyl group, 
pyridazinyl group, pyrimidinyl group and pyrazinyl group); 

(14) a 3-membered to 14-membered nitrogen-containing non-aromatic heterocyclic group (for example, aziridinyl 
group, azetidyl group, pyrrolidinyl group, pyrrolyl group, piperidinyl group, piperazinyl group, imidazolyl group, pyra- 
zolidinyl group, imidazolidinyl, morpholinyl group, imidazolinyl group, oxazolinyl group and quinuclidinyl group); 

(15) a C,. 22 alkoxy group (for example, methoxy group, ethoxy group, n-propoxy group, iso-propoxy group, sec- 
propoxy group, n-butoxy group, iso-butoxy group, sec-butoxy group and tert-butoxy group); 

(1 6) a C e . 14 aryloxy group (for example, phenoxy group, 1 -naphthyloxy group and 2-naphthyloxy group); 

(17) a C 7 .22 aralkyloxy group (for example, benzyloxy group, phenethyloxy group, 3-phenylpropyloxy group, 4- 
phenylbutyloxy group, 1 -naphthylmethyloxy group and 2-naphthylmethyloxy group); 

(1 8) a 5-membered to 1 4-membered heteroaryloxy group (f orexample, thienyloxy group, furyloxy group, pyridinyloxy 
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group, pyridazinyioxy group, pyrimidinyloxy group and pyrazinyloxy group); 

(19) a C 2 . 23 alkanoyl group (for example, acetyl group, propionyl group, butyryl group, iso-butyryl group, valeryl 
group, iso-valeryl group, pivalyl group, caproyl group, decanoyl group, lauroyl group, myristoyl group, palmitoyl 
group, stearoyl group and arachidoyl group); 

(20) a C 7 . 15 aroyl group (for example, benzoyl group, 1-naphthoyl group and 2-naphthoyl group); 

(21) a C 3 . 23 unsaturated alkanoyl group (forexample, acryloyl group, propioloyl group, crotonoyl group, iso-crotonoyl 
group, oleloyl group and linolenoyl group); 

(22) a C 2 _ 23 alkanoyloxy group (for example, acetoxy group, propionyloxy group and acryloxy group); 

(23) a C 2 _22 alkoxycarbonyl group (for example, methoxycarbonyl group, ethoxycarbonyl group, n-propoxycarbonyl 
group, iso-propoxycarbonyl group, n-butoxycarbonyl group, iso-butoxycarbonyl group, sec-butoxycarbonyl group 
and tert-butoxycarbonyi group); 

(24) an unsaturated C 3 _22 alkoxycarbonyl group (for example, vinyloxycarbonyl group, aryloxycarbonyl group, 1- 
propenyloxycarbonyl group, isopropenyloxycarbonyl group, propalgyloxycarbonyl group and 2-butynyloxycarbonyl 
group); 

(25) aO^alkylsulfonyl group (forexample, methanesulfonyl group, ethanesulfonyl group, n-propanesulfonyl group 
and iso-propanesulfonyl group); 

(26) a C 6 14 arylsulfonyl group (for example, benzenesulfonyl group, 1 -naphthalenesulfonyl group and 2-naphtha- 
lenesulfonyl group); and 

(27) aC^alkylsulfonyloxygroup (for example, methanesulfonyloxy group, ethanesulfonyloxy group, n-propanesul- 
fonyloxy group and iso-propanesulfonyloxy group). 



Reference Example 1 Production of starting material, a macrolide compound 1 1 107B 

25 

[0064] One loopful of the slant culture (ISP-2 medium) of Streptomyces sp. Mer-1 1 107 strain (FERM BP-7812) was 
inoculated into a 500 ml_ Erlenmeyer flask containing 50 mL of seed medium (2% of glucose, 1% of ESUSAN-MEAT 
manufactured by Ajinomoto Co. Ltd., 0.5% of yeast extract (manufactured by Oriental Yeast Co. , Ltd.), 0.25% of sodium 
chloride, 0.32% of calcium carbonate, pH 6.8 before sterilization), and it was incubated at 28°C for two days to give the 

so first seed culture broth. 0.1 mL of the culture broth was inoculated into a 500 mL Erlenmeyer flask containing 1 00 mL 
of the same seed medium and it was incubated at 28°C for one day to give the second seed culture broth. The second 
seed culture broth (800 mL) thus obtained was inoculated into a 200 L tank containing 1 00 L of a production medium 
(5% of soluble starch, 0.8% of Pharmamedia, 0.8% of gluten meal, 0.5% of yeast extract and 0. 1 % of calcium carbonate, 
pH 6. 8 before sterilized) and it was cultured for f ive days with flowing air and stirring under the conditions of a a culture 

as temperature of 28°C, an agitation rotation of 90 rpm, a quantity of aeration of 1 . 0 wm and an internal pressure of 20 
kPa, to give a culture broth. 

[0065] A part of the culture broth (10L) thus obtained was extracted with 10 L of 1-butanol, and then the resulting 
butanol layer was evaporated to dryness, to give 1 00 g of crude active fraction. The crude active fraction was applied 
on Sephadex LH-20 (1500 mL; manufactured by Pharmacia Co. Ltd.), and eluted with tetrahydrofuran-methanol (1:1) 
to as a solvent. An eluted fraction from 540 mL to 660 mL was concentrated to dryness, to give a residue (660 mg). The 
resulting residue was dissolved in a mixture of ethyl acetate andmethanol (9:1; v/v) and subjected to silica gel column 
chromatography (WAKO GEL C-200, 50 g). The column was eluted with a mixture (2 L) consisting of n-hexane and 
ethyl acetate (1 : 9, v/v) , the fractions eluted from 46B mL to 1260 mL were collected, evaporated to give 25 mg of a 
crude active fraction. 

45 [0066] The obtained crude active fraction was subjected to preparative high performance liquid chromatography 
(HPLC) under the following preparative HPLC condition (A) , and the fractions eluted at the retention time of 34 minutes 
were collected. After removing acetonitrile, the respective fractions were desalted by HPLC under the following prepar- 
ative HPLC condition (B) to give the maclolide compound 1 1 1 07B (Retention time: 37 minutes, 6 mg). 

50 Preparative HPLC conditions A: 



Examples 



[0067] 



Column: 
55 Temperature: 



YMC-PACK ODS-AM SH-343-5AM, <p20 mm x 250 mm (manufactured by YMC Co.) 
room temperature 
10mL/min. 
240 nm 

acetonitrile/0.15% aqueous potassium dihydrogenphosphate (pH 3.5) (2:8 to 8:2, v/v, 0 to 50 min., 



Flow rate: 
Detection: 
Eluent: 
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linear gradient) 



Preparative HPLC conditions B: 



[0068] 

Column: 
Temperature: 
Flow rate: 
Detection: 
Eluent: 



YMC-PACKODS-AMSH-343-5AM, <p20mmx 250mm (manufactured by YMC Co.) 
room temperature 
10 ml/min. 
240 nm 

methanol/water (2: 8 to 1 0: 0, v/v, 0 to 40 minutes, linear gradient) 



Example 1 Determination of the nucleotide sequence of a gene derived from Streptmyces sp. A-1 544 strain (FERM BP- 
8446) (1) Preparation of a DNA of Streptmyces sp. A-1 544 strain chromosome 

[0069] The A-1 544 strain was inoculated into a medium containing 1% of glucose, 0.4% of malt extract and 1% of 
yeast extract and incubated at 28°C for 3 days. The obtained culture broth was centrifuged at 3000 rpm for 1 0 minutes 
to collect the mycelia. A chromosome DNA was prepared using Blood & Cell Culture kit (QIAGEN Co.) from the mycelia. 



so (2) Cloning of a partial sequence of a DNA encoding a protein having the activity in hydroxylating the 1 6-position of the 
macrolide compound 1 1 1 07 



[0070] Mix primers 5Dm-3F (sequence no. 4) and 5Dm-3R (sequence No. 5) were designed and produced on reference 
to the amino acid sequence assumed to be that of the cytochrome P450 (CYP1 05D5) of Streptmyces coelicolor A3 (2). 
25 [0071] In order to promote reactivity taking the fluctuation of a codon into account, mixed bases S (=C+G) and Y 
(=C+T) were used. 

[0072] Next, these two types of primers (5Dm-3F and 5Dm-3R) and the A-1 544 strain chromosome DNA obtained in 
the above (1) as a template, were used to run a PCR reaction. The PCR reaction was accomplished by repeating a 
three-stage reaction including denaturing run at 98°C for 20 seconds, annealing run at 50°C for 2 minutes and extension 

so run at 68°C for 30 seconds 35 times by using Takara LA Taq (TAKARA HOLDINGS INC. ) and a PCR amplifier (T 
Gradient, Biometra Co.). As a result, a DNA fragment (hereinafter referred to as a DNA fragment-A1) having a size of 
about 500 bp was amplified. It is highly possible that this DNA fragment-AI is a part of the DNA encoding a protein 
having hydroxylating activity. The DNAfragment-AI ampl'f ied by a PCR reaction was recovered from the reaction solution 
by SUPREC PCR (TAKARA HOLDINGS INC.). 

35 [0073] In order to obtain the DNA fragment-A1 in an amount enough to analyze the nucleotide sequence of the obtained 
DNA fragment-A1, the DNA fragment was combined with a plasmid vector pT7Blue T (Novagen Co.) by using DNA 
Ligation.kit ver.2 (TAKARA HOLDINGS INC.) to transform E.coli JM109 strain/Thereafter, the transformed E. coli was 
selected using a L-broth agar media (1 .0% bactotripton, 0.5% yeast extract, 0.5% NaCI, 1 .5% agar) containing ampicillin 
(50 (i,g/mL), X-gal (5-bromo-4-chioro-3-indolyl-p-D-galactoside; 40 ng/mL) and iPTG (isopropyl-p-D-thiogalactopyran- 

40 oside; 1 00 jiM). The colony of the transformed E. coli thus isolated was cultured in a L-broth liquid medium (1 % bactot- 
ripton, 0.5% yeast extract, 0.5% NaCI) containing ampicillin (50 jig/mL). A plasmid DNA was separated from the mycelia 
of the proliferated transformed E. coli and purified by using a plasmid purifying kit (QIA filter Plasmid Midi Kit, QIAGEN 
Co.), to obtain enough amount of the DNA fragment-A1 . 



45 (3) Analysis of the nucleotide sequence of the cloned DNA fragment-A1 



[0074] The nucleotide sequence of the DNA fragment-A1 obtained in the above (2) was analyzed using a DNA nu- 
cleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator cycle sequence method. As the result 
of the nucleotide sequence analysis, it was clarified that the DNA fragment-A1 amplified by a PCR reaction had an exact 
50 size of 528 bp though it had been found to have a size of about 500 bp by the above measurement using electrophoresis 
(see the nucleotide sequence 1775 to nucleotide sequence 2302 of the sequence No. 1). Sinces DNA sequences 
corresponding to the two types of primers used in the above PCR reaction were found at both ends of the above cloned 
528 bp DNA sequence, it was clarified that the DNA fragment-A1 was singularly amplified by these two types of primers 
(5Dm-3F and 5Dm-3R) in the above PCR reaction. 

55 

(4) Analysis of the neighboring region of the DNA fragment-A1 



[0075] As mentioned above, the partial sequence of the DNA encoding a protein which was derived from the A-1 544 
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strain and had hydroxylattngactivity. Therefore, the amplification, cloning and sequence analysis of the nucleotide se- 
quence in the neighboring region extending from the upstream side to downstream side of the cloned fragment were 
accomplished by an inverse PCR method (Cell Technology vol: 14, p.591 -593, 1 995). Specifically, the A-1 544 strain 
chromosome DNA (see the above (1 )) was digested by respective restriction enzymes Pstl and Sail in a H buffer solution 
(50 mM Tris-HCI, pH 7.5, 1 0 mM MgCI 2 , 1 0 mM dithiothreitol and 1 00 mM NaCI). The obtained each DNA fragment cut 
by the restriction enzymes was self-circularized by using DNA Ligation Kit ver.2 (TAKARA HOLDINGS INC.). 
[0076] On the other hand, primers (6PIN-2F (sequence No. 6) and 6PIN-2R (sequence No. 7) were designed and 
produced based on the nucleotide sequence of the DNA fragment-A1 . 

[0077] Next, these two primers (6PIN-2F and 6PIN-2R) and the above self-cyclized A-1 599 strain chromosome DNA 
as atemplate, were used to run a PCR reaction. In the PCR reaction, the cycle of a two-stage reaction involving denaturing 
run at 98°C for 20 seconds and annealing and extension run at 68°C for 5 minutes was repeated 35 times by using 
Takara LA T.aq (TAKARA HOLDINGS INC.) and a PCR amplifier (T Gradient, Biometra Co.). 

[0078] As £ result, a DNA fragment (DNA fragment-B1 ) about 3.5 kbp in size and a DNA fragment (DNA fragment- 
ed about 2.8 kbp in size were amplified. It was highly possible that these DNA fragments were a DNA encoding a 
protein having hydroxylating activity and a DNA having a DNAsequence including the upstream and downstream regions 
of the former DNA. 

[0079] The DNA fragment-B1 and the DNA fragment-C1 were recovered from the PCR amplified reaction solution by 
SUPREC PCR (TAKARA HOLDINGS INC.). Next, as to the obtained DNAfragment-B1 and DNA fragmented , in order 
to obtain each DNA fragment in an amount enough to analyze the nucleotide sequence of the obtained DNA fragment, 
a plasmid vector pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA HOLDINGS INC.), E. coli JM109 strain 
and a plasmid purifying kit (QIA filter Plasmid Midi kit, QIAGEN Co. ) were used in the same manner as the above (2), 
to obtain enough amount of each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA fragment-B1 (about 3.5 kbp In size) and the DNA fragment-C1 
(about 2.8 kbp in size) 

[0080] Each nucleotide sequence of the DNA fragment-BI and DNA fragment-C1 obtained in the above (4) was 
analyzed using a DNA nucleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator cycle 
sequence method. The nucleotide sequence was thus analyzed to obtain the information of the nucleotide sequence of 
3793 bp shown in the sequence No. 1 from each sequence of the DNA fragment-B1 and DNA fragment-C1 . 
[0081] An open reading frame (ORF) in this 3793 bp was retrieved, to find that the two proteins were coded. Each 
amino acid sequence of these proteins was retrieved by the BLAST search, and as a result, an ORF (hereinafter referred 
to as psmA) coding a protein consisting of 409 amino acids having high homology to cytochrome P450 existed in the 
base 1 322 to base 2548 of the sequence No. 1 . The psmA had the highest homology (homology: 72.6%) to the amino 
acid sequence assumed to be that of cytochrome P450 (CYP105D5) of the Streptmyces coelicolor A3 (2) and to the 
amino acid sequence assumed to be that of cytochrome P450 (CYP105D4) of the Streptmyces lividans, and also had 
a relatively high homology (homology: 69.4%) to cytochrome P450 soy (Soy C) of Streptmyces griseus. It was considered 
from this fact that the psmA was highly possibly a gene coding hydroxylating enzyme of the cytochrome P-450 type. 
[0082] Also, an ORF (hereinafter referred to as psmB) encoding a protein having a high homology to ferredoxin of a 
3F-4S type existed just downstream (the base 2564 to base 2761 of the sequence No. 1) of the psmA. The protein 
encoded by the psmB consists of 66 amino acids, and had the highest homology (83.3%) to the amino acid sequence 
assumed to be that of ferredoxin just downstream of the amino acid sequence assumed to be that of cytochrome P450 
(CYP1 05D5) of the Streptmyces coelicolor A3 (2) and a relatively higher homology (homology: 57.6%) to ferredoxin soy 
(soyB) of Streptmyces griseus. Therefore, it was considered that the psmB serves to transfer electrons and codes 
ferredoxin participating in hydroxylation together with the psmA. Example 2 Production of a transformant having the 
psmA and the psmB 

(1 ) Preparation of a DNA fragment containing both the psmA and the psmB derived from the A-1544 strain 

[0083] A primer DM-NdeF (sequence No. 8) obtained by adding a Ndel site to the 5' terminal and a primer DM-SpeR 
(sequence No. 9) obtained by adding a Spel site to the 5' terminal were designed and produced on reference to the 
nucleotide sequence of the sequence No. 1 analyzed in Example 1. Next, these two types of primers (DM-NdeFand 
DM-SpeR) and the A-1544 strain chromosome DNA obtained in Example 1(1) as a template, were used to run a PCR 
reaction. The PCR reaction was accomplished by repeating a two-stage reaction including denaturing carried out at 
98°C for 20 seconds and annealing and elongation carried out at 68°C for 2 minutes 30 times by using Takara LA Taq 
(TAKARA HOLDINGS INC.) and a PCR amplifier (T Gradient, Biometra Co.). 

[0084] As a result, a DNA fragment (hereinafter referred to as a DNA fragment-D1 ) having a size of about 1 .5 kbp 
and containing the psmA and the psmB was amplified. The DNA fragment-D1 was recovered from this PCR amplified 
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reaction solution by SUPREC PCR (TAKARA HOLDINGS INC.). 

(2) Architecture of a plasmid pTC-DM 

[0085] pT7NS-CamAB (see WO03/087381) was digested by respective restriction enzymes Ndel and Spel in a H 
buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgCI 2 , 10 mM dithiothreitol and 100 mM NaCI) to obtain a piasmid 
digested products. Similarly, the DNA fragment-D1 obtained in the above (1) was digested by respective restriction 
enzymes Ndel and Spel. The obtained digested product of the DNA fragment-D1 and the plasmid digested product were 
coupled using DNA Ligation Kit ver.2 (TAKARA HOLDINGS INC.). This resulted in the formation of a plasmid (referred 
to as a plasmid pTC-DM) about 9.5 kbp in size which was an architecture of a combination of the DNA fragment-D1 
containing both the psmA and the psmB therein and the plasmid pT7NS-CamAB. 

(3) Preparation of E. coli transforming strain BL21 (DE3)/pTC-DM 

[0086] Using the plasmid pTC-DM prepared in the above (2), a competent cell (Novagen) of Colibacillus BL21 (DE3) 
was transformed. E. coli BL21 (DE3) /pTC-DM strain transformed by the plasmid pTC-DM was obtained. 

Example 3: Conversion of ME-265 into ME-282 represented by the following formulae by the E. coli transformant having 
the psmA and the psmB 

[0087] 




CH 3 CH 3 CH 

ME-265 , 




ME-282 

(1 ) Preparation of a transformant reaction solution 

[0088] The transformed E. coli BL21 (DE3) /pTC-DM strain obtained in Example 2(3) and a frozen seed of a BL21 
(DE3)/pT7NS-CamAB strain were inoculated into a 1 5 mL test tube containing 3 mL of a L-broth medium. (1 .0% bactot- 
ripton, 0.5% yeast extract 0.5% NaCI) containing 50 ^g/mL of ampicillin and shake-cultured at 37°C for 20 hours. 500 
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jiL of the seed culture broth was inoculated into a 250 mL Erlenmeyerflask containing 50 mL of a L-broth medium (1 .0% 
bactotripton, 0.5% yeast extract, 0.5% NaCI) containing 50 fig/mL of ampicillin and shake-cultured at 32°C for 3 hours. 
Then, 50 pL of 100 mM IPTG (isopropyl-p-D-thiogalactopyranoside) and 50 |xL of B0 mg/mL 5-aminolevulinic acid were 
successively added thereto, and the medium was shake-cultured at 32°C for 6 hours. The obtained culture broth was 

s centrif uged (5000 rpm, 1 0 minutes) to collect the mycelia. The mycelia were then suspended in 1 .75 mL of a 1 00 mM 
phosphate buffer solution (pH 6.1), and 250 p.1 of 80% glycerol and 50 jiL of 8 mg/mL ME-265 were added thereto. The 
conversion reaction solution thus obtained was reacted at 28°C for 24 hours. 200 pi of the reaction solution was extracted 
with 1 mL of acetonitrile and the extract was subjected to HPLC to measure each amount of ME-265 and ME-282. The 
results are shown in Table 3. 

io [0089] Also, the details of the condition of HPLC are shown below. 
Analyzer: Shimadzu HPLC 10Avp 

Column: CAPCELL PAK C18 SGI 20 (<(>4.6 mm x250 mm) 

Mobile phase: 45% acetonitrile (0 to 15 minutes) 

60% aceton'rtrile (15 to 30 minutes) 
« 45% acetonitrile (30 to 45 minutes) 

Flow rate: 1 mUmin. 

Detection: UV 240 nm 

Injection capacity: 10 nL 

Column temperature: 40°C 
20 Analyzing time: 45 minutes 

Retention time: ME-265 24.8 minutes 

ME-282 12.7 minutes 



Table 3 



mg/L 


BL21 (DE3)/pT7NS-CamAB 


BL21(DE3)/pTC-DM 


ME-265 


143 


0 


ME-282 


0 


130 



30 

(2) Isolation of ME-282 from the transformant reaction solution 



[0090] 4 mL of water was added to 1 .8 mL of the reaction solution that had been reacted for 24 hours and the reaction 
solution was then extracted with 8 mL of ethyl acetate once and with 4 mL of ethyl acetate twice. The ethyl acetate layers 
35 were combined, dried over anhydrous sodium sulfate and then the solvent was removed. The resulting residue was 
purified by thin layer chromatography (MERCK Silicagel 60 F254 0.25 mm, developing solution: hexane: ethyl acetate=1 : 
2), to give 0.2 mg of ME-282. 

[0091] 1 H-NMR spectrum (CD 3 OD, 500MHz): 5 ppm (integral, multiplicity, coupling constant J(Hz)): 
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,t,J=7.3Hz), 0.97(3H,d,J=6.6Hz), 1.21-1.26(1 H,m), 1.29-1 .37(3H,m), 

40 1.39(3H,s), 1.94-1.52(2H,m), 1.60-1. 64(1 H,m), 1.65(1H,dd.J=6.2,1 3.9Hz), 1.77(3H,d,J=1.1Hz), 1.86(1H,dd, 
J=5.4,13.9Hz), 1.89-1. 99(1 H,m), 2.00(3H,s), 2.43(1 H,dd,J=5.5,13.9Hz), 2.50-2.60(1 H,m), 2.56(1 H,dd,J=3.3,13.9Hz), 
2.66(1 H,dd,J=2.2,7.7Hz), 2.89(1 H,dt,J=2.2,6.2Hz), 3.52(1H,dt,J=4.8,8.4Hz), 3.75-3.80(1 H,m), 4.90(1 H.overlapped 
with-D 2 0), 5.01 (1H,d,J=1 0.6Hz), 5.42(1 H,dd,J=9.2,1 5.0Hz), 6.13(1H,d,J=10.6Hz), 6.52(1 H,dd,J=11.0,15.0Hz). 
[0092] As a result, a peak estimated as that of ME-282 was not observed in the case of the E. coli BL21 (DE3) /pT7NS- 

45 CamAB strain used as a control, whereas ME-265 was almost consumed and a peak estimated as that of ME-282 was 
obtained in the case of the BL21 (DE3) /pTC-DM strain containing the psmA and psmB. This fact suggests that the 
psmA and the psmB participate in the conversion of ME-265 into ME-282. 

Example 4: Conversion of the macrolide compound 11 107B into the macrolide compound 11 107D by the E. coli trans- 
50 formant having the psmA and the psmB 



(1) Preparation of a transformant reaction solution 



[0093] A test using the macrolide compound 1 1107B as a substrate was made in the same manner as Example 3. 
The transformed E. coli BL21(DE3)/pTC-DM strain obtained in Example 2(3) and afrozenseed of a BL21 (DE3)/pT7NS- 
CamAB strain were inoculated into a 15 mL test tube containing 3 mL of a L-broth medium (1.0% bactotripton, 0.5% 
yeast extract, 0.5%NaCI) containing 50 ^.g/mL of ampicillin and shake-cultured at 30°C for20 hours^ 500 (j,L of the seed 
culture broth was inoculated into a 250 mL Erlenmeyer flask containing 50 mL of a L-broth medium (1 .0% bactotripton, 
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0.5% yeast extract, 0. 5% NaCI) containing 50 fi.g/mL of ampicillin and shake-cultured at 28°C for 5 hours. Then, 50 |i,L 
of 1 00 mM IPTG (isopropyl-p-D-thiogalactopyranoside) and 50 y,L of 80mg/mL5-aminolevuiinic acid were successively 
added and the medium was shake-cultured at 25°C for 20 hours. The obtained culture broth was centrifuged (5000 rpm, 
1 0 minutes) to collect the mycelia. The mycelia were then suspended in 1 .75 mL of a 1 00 mM phosphate buffer solution 
(pH 6.1), and 250 n,L of 80% glycerol and 50 jd. of 40 mg/mL 1 1 107B were added thereto. The conversion reaction 
solution thus obtained was reacted at 28°C for 24 hours. 200 fuL of the reaction solution was extracted with 1 mL of 
acetonitrile and the extract was subjected to HPLC to measure each amount of the macrolide compound 1 1 1 07B and 
the macrolide compound 1 1 1 07D. The results are shown in Table 4. Also, the details of the condition of HPLC are shown 

Analyzer: Shimadzu HPLC 10Avp 

Column: CAPCELL PAK C18 SG120 {<p4.6 mm x 250 mm) 

Mobile phase: 35% acetonitrile (0 to 10 minutes) 

35% to 65% acetonitrile (1 0 to 1 2 minutes) 

65% acetonitrile (12 to 15 minutes) 

35% acetonitrile (15 to 20 minutes) 

Flow rate: 1 mLAnin. 

Detection: UV240 nm 

Injection capacity: 10 jiL 

Column temperature: 40°C 

Analyzing time: 20 minutes 

Retention time: 1 1 107B 14.3 minutes 

11107D 7.9 minutes 



Table 4 



mg/L 


BL21 (DE3)/pT7NS-CamAB 


BL21(DE3)/pTC-DM 


11107B 


636 


619 


11107D 


0 


71 



(2) Isolation of the macrolide compound 1 1 1 07D from the transformant reaction solution 

[0094] 4 mL of water was added to 1 .8 mL of the reaction solution that had been reacted for 24 hours and the mixture 
was then extracted with 8 mL of ethyl acetate once and with 4 mL of ethyl acetate twice. The ethyl acetate layers were 
combined, dried over anhydrous sodium sulfate and the solvent was removed. The resulting residue was purified by 
thin layer chromatography (MERCK Silicagel 60 F254 0.25 mm, developing solution: ethyl acetate) to obtain 0.1 mg of 
11107D. 

[0095] 1 H-NMR spectrum (CD 3 OD, 500MHz) : 8 ppm (integral, multiplicity, coupling constant J(Hz)): 
0.87(3H,d,J=7.0Hz), 0.88(3H,d,J=7.0Hz), 0.93(3H,t,J=7.0Hz), 1.18(3H,s), 1 .18-1 .69(8H,m), 1.33(3H,s), 1.77(3H,d, 
J=1. 1 Hz), 1.82-1. 90(1 H,m), 2.05(3H,s), 2.49-2.60(3H,m), 2.66(1 H,dd,J=2.2,8.2Hz), 2.89(1 H,dt,J=2.4,5.7Hz), 3.52(1 H, 
dt,J=4.B,8.3Hz), 3.73-3.82(1 H,m), 5.09(1 H,d,J=9.8Hz), 5.05(1 H,d,J=10.6Hz), 5.56(1H,dd,J=9.8,15.2Hz), 5.70(1H,dd, 
J=9.8,15.2Hz), 5.86(1 H,d,J=15.2Hz), 6.3(1 H,d,J=10.8Hz), 6.52(1 H,dd,J=1 0.8,1 5.2Hz). 

[0096] As a result, a peak estimated as that of the macrolide compound 1 1 1 07D was not observed in the case of the 
E. coli BL21 (DE3)/pT7NS-CamAB strain used as acontro!, whereas apeak estimated as that of the macrolide compound 
1 1 1 07D was obtained in the case of the BL21 (DE3)/pTC-DM strain containing the psmA and psmB. This fact suggests 
that the psmA and the psmB participate in the conversion of macrolide compound 1 1 1 07B into the macrolide compound 
11107D. 

Example 5: Conversion test using an A-1544 self-cioning strain 

(1 ) Preparation of a DNA fragment containing both the psmA and the psmB derived from the A-1544 strain 

[0097] A primer DM-BglF (sequence No. 1 0) obtained by adding a Bglll site to the 5' terminal and a primer DM-BglR 
(sequence No. 1 1 ) obtained by adding a Bglll site to the 5' terminal were designed and produced on reference to the 
nucleotide sequence of the sequence No. 1 analyzed in Example 1. 

[0098] Next, these two types of primers (DM-BglF and DM-BglR) and the A-1 544 strain chromosome DNA obtained 
in Example 1(1) as a template, were used to run a PCR reaction. The PCR reaction was accomplished by repeating a 
three-stage reaction including denaturing carried out at 98°Cfor20 seconds, annealing carried out at 63°C for 30 seconds 
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and elongation carried out at 68°C for 4 minutes 30 times by using Takara LA Taq (TAKARA HOLDINGS INC.) and a 
PCR amplifier (T Gradient, Biometra Co.). 

[0099] As a result, a DNA fragment (hereinafter referred to as a DNA fragment-El) having a size of about 3.5 kbp and 
containing the psmA and the psmB was amplified. This PCR amplified reaction solution was subjected to agarose gel 
electrophoresis to fractionate. The above DNA fragment-E1 about 3.5 kbp in size was cut out of the agarose gel and 
recovered by SUPREC 01 (TAKARA HOLDINGS INC.). 

(2) Architecture of a plasmid plJDMG 

[01 00] plJ702 was digested by a restriction enzyme Bglll in a H buffer solution (50 mM Tris-HCI, pH 7.5, 1 0 mM MgCI 2> 
1 0 mM dithiothreitol and TOO mM NaCI) to obtain a plasmid digested products. Similarly, the DNA fragment-E1 obtained 
in the above (1) was digested by a restriction enzyme Bglll. The obtained digested product of the DNAfragment-E1 and 
the plasmid-digested product were bound using DNA Ligation Kit ver.2 (TAKARA HOLDINGS INC.). The resulted in the 
formation of a plasmid (referred to as aplasmid plJDMG) about 8.5 kbp in size which was an architecture of a combination 
of the DNA fragment-E1 containing both the psmA and the psmB therein and the plasmid plJ702. 

(3) Preparation of a self-cloning strain A-1544/plJDMG strain 

[01 01 ] Using the plasmid plJDMG prepared in the above (2), anA-1 544 strain was transformed according to the method 
described in Genetic Manipulation of Streptmyces: A Laboratory Manual. John Innes Foundation, Norwich, 1985. An A- 
1544/plJDMG strain was thus obtained by transformation using the plasmid plJDMG. 

Example 6: Conversion of 1 1 1 07B into 1 1 1 07D by a self-cloning strain 

[0102] The transformed A-1544/plJDMG strain obtained in Example 5(3), A-1544/plJ702 strain and a frozen seed of 
the original A-1 544 strain were inoculated into a 250 mL Erlenmeyer flask containing 50 mL of a SMN medium (Stabilose 
2%, glucose 2%, ESUSAN-MEAT 2%, yeast extract 0.5%, NaCI 025%, CaC0 3 0.32%, pH 7.4) containing 25 jig/mL of 
thiostrepton, and shake-cultured at 28°C for 48 hours (seed culture, no addition of thiostrepton to the A-1 544 strain) . 
0. 5 mL of the obtained seed culture broth was inoculated into a 250 mL Erlenmeyer flask containing 50 mL of a SMN 
medium containing 25 ti.g/mL of thiostrepton and shake-cultured at 28°C for 72 hours (no addition of thiostrepton to the 
A-1 544 strain). The obtained culture broth was dispensed in 2 mL portions, and 1 00 (iL of a 1 M phosphate buffer solution 
(pH 6.5) and 50 |j,L of 40 mg/mL of 1 1 1 07B were added thereto. The conversion culture broth thus obtained was reacted 
at 28°C for 1 2 hours. 200 (iL of the reaction solution was extracted with 1 mL of acetonitrile and the extract was subjected 
to HPLC to measure each amount of 1 11 07B and 1 1 1 07D. The results are shown in Table 5. Also, the details of the 
condition of HPLC are shown below. 
Analyzer: Shimadzu HPLC 10Avp 

Column: CAPCELL PAK C18 SG120 (<p4.6 mm x250 mm) 

Mobile phase: 35% acetonitrile (0 to 10 minutes) 

35% to 65% acetonitrile (1 0 to 1 2 minutes) 

65% acetonitrile (12 to 15 minutes) 

35% acetonitrile (1 5 to 20 minutes) 

Flow rate: 1 mL/min. 

Detection: UV 240 nm 

Injection capacity: 10 p.L 

Column temperature: 40°C 

Analyzing time: 20 minutes 

Retention time: 11107B 14.3 minutes 

11107D 7.9 minutes 



Table 5 



mg/L 


A-1 544 strain 


A-1544/plJ702 strain 


A-1 544/plJDMG strain 


11107B 


496 


651 


14 


11107D 


196 


0 


535 



[0103] As a result, the A-1544/plJDMG strain obtained by transformation of the plasmid containing the psmA and the 
psmB exhibited conversion activity about 2.7 times that of the original A-1 544 strain by a reaction run for 1 2 hours. This 
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fact suggests that the self-cloning of the psmA and psmB contributes to the conversion of the macrolide compound 
111 07B into the macroiide compound 1 1 1 07D. 

Example 7 Determination of the nucleotide sequence of a gene derived from Streptmyces sp. Mer-1 1 1 07 strain (FERM 
5 BP-7812) 

(1 ) Preparation of a DNA of Streptmyces sp. Mer-1 1 107 strain chromosome 

[0104] The Mer-1 1 1 07 strain was inoculated into a medium containing 1 % of glucose, 0.4% of malt extract and 1 % 
io of yeast extract and cultured at 28°C for 3 days. The obtained culture broth was centrifuged at 3000 rpm for 1 0 minutes 
to collect the mycelia. A chromosome DNA was prepared using Blood & Cell Culture kit (QIAGEN Co.) from the mycelia. 

(2) Cloning of a partial sequence of a DNA encoding a protein having the activity in hydroxylating the 1 6-position of the 
macrolide compound 11 107 

15 

[0105] Mix primers 5Dm-3F (sequence no. 4) and 5D-1 R (sequence No. 1 2) were designed and produced on reference 
to the amino acid sequence estimated as that of the cytochrome P450 (CYP1 05D5) of Streptmyces coelicolor A3(2). 
[0106] In order to promote reactivity taking the fluctuation of a codon into account, mixed bases S (=C+G) and Y 
(=C+T) were used. 

20 [0107] Next, these two types of primers (5Dm-3F and 5D-1 R) and the Mer-1 1 1 07 strain chromosome DNA obtained 
in the above (1 ) as a template, were used to run a PCR reaction. The PCR reaction was accomplished by repeating a 
three-stage reaction including denaturing carried out at 98°Cfor20 seconds, annealing carried out at50°C for2 minutes 
and elongation carried out at 68°C for 30 seconds 35 times by using Takara LA Taq (TAKARA HOLDINGS INC.) and 
a PCR amplifier (T Gradient, Biometra Co.). As a result, a DNA fragment (hereinafter referred to as a DNA fragment- 
's A2) having a size of about 300 bp was amplified. It is highly possible that the DNA fragment-A2 is a part of the DNA 
encoding a protein having hydroxylating activity. The DNA f ragment-A2 amplified by a PCR reaction was recovered from 
the reaction solution by SUPREC PCR (TAKARA HOLDINGS INC.). 

[0108] In orderto obtain the DNA fragment- A2 in an amount enough to analyze the nucleotidesequence of the obtained 
DNA fragment-A2, the DNA fragment was bound with a piasmid vector pT7Blue T (Novagen Co. ) by using DNA Ligation 

30 kit ver.2 (TAKARA HOLDINGS INC.) to transform E. coli JM1 09 strain. Thereafter, the transformed E. coli was selected 
using a L-broth agar media (1.0% bactotripton, 0.5% yeast extract, 0.5% NaCI, 1.5% agar) containing ampicillin (50 
ng/mL), X-gal (5-bromo-4-chloro-3-indolyl-p-D-galactoside; 40 ng/mL) and IPTG (isopropyl-p-D-thiogalactopyranoside; 
100 ji.M). The colony of the transformed E. coli thus isolated was cultured in a L-broth liquid medium (1% bactotripton, 
0.5% yeast extract, 0.5% NaCI) containing ampicillin (50 (ig/mL). A piasmid DNA was separated from the mycelia of the 

35 proliferated transformed E. coli and purified by using a piasmid purifying kit (QIA filter Piasmid Midi Kit, QIAGEN Co.), 
to obtain enough amount of the DNA fragment-A2. 

(3) Analysis of the nucleotide sequence of the cloned DNA fragment-A2 

40 [0109] The nucleotide sequence of the DNA fragment-A2 obtained in the above (2) was analyzed using a DNA nu- 
cleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator cycle sequence method. As the result 
of the nucleotide sequence analysis, it was clarified that the DNA fragment-A2 amplified by a PCR reaction had an exact 
size of 325 bp though it had been found to have a size of about 300 bp by the above measurement using electrophoresis 
(see the nucleotide sequence 837 to nucleotide sequence 11 61 of the sequence No. 2). Since DNA sequences corre- 

45 spending to the two types of primers used in the above PCR reaction were found at both ends of the above cloned 325 
bp DNA sequence, it was clarified that the DNA fragment-A2 was specifically amplified by these two types of primers 
(5Dm-3F and 5D-1 R) in the above PCR reaction. 

(4) Analysis of the neighboring region of the DNA fragment-A2 

[0110] As mentioned above, the partial sequence of the DNA encoding a protein having the hydroxylating activity 
derived from the Mer-1 1 1 07 strain was determined. Therefore, theampl'rfication, cloning and sequence analysis of the 
nucleotide sequence in the neighboring region extending from the upstream side to downstream side of the cloned 
fragment were accomplished by an inverse PCR method (Cell Technology vol. 14, p.591-593, 1995). 
55 Specifically, the Mer-1 1 1 07 strain chromosome DNA (see the above (1)) was digested by a restriction enzyme BamHI 
in a K buffer solution (50 mM Tris-HCI, pH 8.5, 1 0 mM MgCI 2 , 1 mM dithiothreitol and 1 00 mM KCI) and by a restriction 
enzyme Sail in a H buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgClg, 1 mM dithiothreitol and 100 mM NaCI) 
respectively. The obtained each DNA fragment cut by the restriction enzymes was self-circularized using DNA Ligation 
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Kit ver.2 {TAKARA HOLDINGS INC.). 

[0111] On the other hand, primers (7PIN-2F (sequence No. 1 3) and 6PIN-2R (sequence No. 7) were designed and 
produced based on the nucleotide sequence of the DNAfragment-A2. 

[0112] Next, these two primers (7PIN-2F and 6PIN-2R) and the above self-circularized Mer-1 1 1 07 strain chromosome 
DNA as a template, were used to run a PCR reaction. In the PCR reaction, the cycle of a two-stage reaction involving 
denaturing carried out at 98°C for 20 seconds and annealing and elongation carried out at 68°C for 5 minutes was 
repeated 35 times by using Takara LA Taq (TAKARA HOLDINGS INC.) and a PCR amplifier (T Gradient, Biometra Co.). 
[0113] As a result, a DNA fragment (DNA fragment-B2) about 1.3 kbp in size and a DNA fragment (DNA fragment- 
C2) about 1.4 kbp in size were amplified. It was highly possible that these DNA fragments were respectively a DNA 
encoding a protein having hydroxylating activity and a DNA having a DNA sequence including those in the upstream 
and downstream regions of the former DNA. 

[0114] The DNAfragment-B2 and the DNA fragment-C2 were recovered from the PCR amplified reaction solution by 
SUPREC PCR (TAKARA HOLDINGS INC.). Next, as to the obtained DNAfragment-B2 and DNAfragment-C2, in order 
to obtain each DNA fragment in an amount enough to analyze the nucleotide sequence of the obtained DNA fragment, 
a plasmid vector pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TAKARA HOLDINGS INC.), E. coli JM109 strain 
and a plasmid purifying kit (QIA filter Plasmid Midi Kit, QIAGEN Co.) were used in the same manner as the above (2), 
to obtain enough amount of each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA fragmervt-B2 (about 1.3 kbp in size) and the DNAfragment-C2 
(about 1 .4 kbp in size) 

[0115] Each nucleotide sequence of the DNA fragment-B2 and DNA fragment-C2 obtained in the above (4) was 
analyzed using a DNA nucleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator cycle 
sequence method. The nucleotide sequence was thus analyzed to obtain the information of the nucleotide sequence of 
2329 bp shown in the sequence No. 2 from each sequence of the DNA fragment-B2 and DNA fragment-C2. 
[0116] An open reading frame (ORF) in this 2329 bp was retrieved, to find that the two kinds of protein we»e coded. 
Each amino acid sequence of these proteins was retrieved by the BLAST search, and as a result, an ORF (h^inafter 
referred to as bpmA) encoding a protein consisting of 395 amino acids having high homology to cytochrome P45U existed 
in the base 420 to base 1604 of the sequence No. 2. The bpmA had the highest homology (homology: 67.4%) to the 
amino acid sequence of the psmA isolated from the A-1 544 strain and also had a relatively high homology (homology: 
64.8%) to cytochrome P450 soy (Soy C)of Streptmyces griseus. It was considered from this fact that the bpmA highly 
possibly encoded hydroxyllating enzyme of the cytochrome P-450 type. 

[0117] Also, an ORF (hereinafter referred to as bpmB) encoding a protein having a high homology to ferredoxin of a 
3Fe-4S type that existed just downstream (the base 1 643 to base 1834 of the sequence No. 2) of the bpmA. The protein 
encoded by the bpmB consisted of 64 amino acids, and had the highest homology (81 .0%) to the amino acid sequence 
of the psmB isolated from the A-1544 strain and a relatively higher homology (homology: 76.2%) to the amino acid 
sequence assumed to be that of ferredoxin just downstream of the amino acid sequence assumed to be cytochrome 
P450 (CYP105D5) of Streptmyces coelicolor A3(2). Therefore, it was considered that the bpmB served to transfer 
electrons and participated in hydroxylation together with the bpmA. 

Example 8 Production of a transformant having the bpmA and the bpmB 

(1 ) Preparation of a DNA fragment containing both the bpmA and the bpmB derived from the Mer-1 1 1 07 strain 

[0118] A primer 07-NdeF (sequence No. 14) obtained by adding a Ndel site to the 5' terminal and a primer 07-SpeR 
(sequence No. 15) obtained by adding a SPel site to the 5' terminal were designed and produced on reference to the 
nucleotide sequence of the sequence No. 2 analyzed in Example 7. Next, these two types of primers (07-NdeF and 07- 
SpeR) and the Mer-1 1 1 07 strain chromosome DNA obtained in Example 7(1 ) as a template, were used to run a PCR 
reaction. The PCR reaction was accomplished by repeating a two-stage reaction including denaturing carried out at 
98°C for 20 seconds and annealing and elongation carried out at 68°C for 2 minutes 30 times by using Takara LA Taq 
(TAKARA HOLDINGS INC.) and a PCR amplifier (T Gradient, Biometra Co.). 

[0119] As a result, a DNA fragment (hereinafter referred to as a DNA fragment-D2) having a size of about 1.5 kbp 
and containing the psmA and the psmB was amplified. The DNA fragment-D2 was recovered from the PCR amplified 
reaction solution by SUPREC PCR (TAKARA HOLDINGS INC.). 

(2) Architecture of a plasmid pTC-D07 



[0120] pT7NS-CamAB (see WO03/087381) was digested by respective restriction enzymes Ndel and Spel in a H 
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buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgClg, 1 mM dithiothreitol and 100 mM NaCI) to obtain a plasmid 
digested products. Similarly, the DNA fragment-D2 obtained in the above (1) was digested by respective restriction 
enzymes Ndel and Spel. The obtained digested product of the DNA fragment-D2 and the plasmid digested product were 
bound using DNA Ligation Kit ver. 2 (TAKARA HOLDINGS INC.). Thereby, a plasmid (referred to as a plasmid pTC- 
D07) about 9.5 kbp in size which was an architecture of a combination of the DNA fragment-D2 containing both the 
bpmA and the bpmB therein and the plasmid pT7NS-CamAB was formed. 

(3) Preparationof E. coli transforming strain BL21 (DE3)/pTC-D07 

[0121] Using the plasmid pTC-D07 prepared in the above (2), a competent cell (Novagen) of Colibacillus BL21 (DE3) 
was transformed. Thereby, E. coli BL21 (DE3)/pTC-D07 strain transformed by the plasmid pTC-D07 was obtained. 

Example 9: Conversion of the macrolide compound 1 1 1 07B into the 1 1 1 07D by the E. coli transformant having the bpmA 
and the bpmB 

[0122] The transformed E. coli BL21 (DE3)/pTC-D07 strain obtained in Example 8(3) and a frozen seed of a BL21 

(DE3)/pT7NS-CamAB strain were inoculated into a 1 5 mL test tube containing 3 mL of a L-broth medium (1 .0% bactot- 

ripton, 0.5% yeast extract, 0.5% NaCI) containing 50 n,g/mL of ampicillin and shake-cultured at 37°C for 20 hours. 500 

H.L of the seed culture broth was inoculated into a 250 mL Erlenmeyerflask containing 50 mL of a L-broth medium (1 .0% 

bactotripton, 0.5% yeast extract, 0.5% NaCI) containing 50 jig/mL of ampicillin and shake-cultured at 32°C for 4 hours. 

Then, 50 p,L of 1 00 mM IPTG (isopropyl-fl-D-thiogalactopyranoside) and 50 \lL of B0 mg/mL 5-aminolevulinic acid were 

successively added and the medium was shake-cultured at 32°C for 5 hours. The obtained culture broth was centrifuged 

(5000 rpm, 10 minutes) to collect the mycelia. The myceiia were then suspended in 1.75 mL of a 100 mM phosphate 

buffer solution (pH 6.1 ), to which were then added 250 m-L of 80% glycerol and 1 2.5 ,xL of 40 mg/mL macrolide compound 

1 1 1 07B. The conversion reaction solution obtained in this manner was reacted at 28°C for 24 hours. 400 n-L of the 

reaction solution was extracted with 600 |jlL of methanol and the extract was subjected to HPLC to measure each amount 

of macrolide compounds 1 1 1 07B and 1 1 1 07D. The results are shown in Table 6. 

[0123] Also, the details of the condition of HPLC are shown below. 

Analyzer: Shimadzu HPLC 10Avp 

Column: Develosil ODS UG-3 (<p4.6 mm x 250 mm 3 n-m) 

Mobile phase: 45% to 55% methanol (0 to 5 minutes) 

55% methanol (5 to 1 3 minutes) 

55% to 70% methanol (1 3 to 1 7 minutes) 

70% methanol (1 7 to 21 minutes) 

45% methanol (21 to 25 minutes) 

Flow rate: 1 .2 mL/min. 

Detection: UV 240 nm 

Injection capacity: 5 fiL 

Column temperature: 40°C 

Analyzing time: 25 minutes 

Retention time: 1 1107B 12.2 minutes 

11107D 4.2 minutes 



Table 6 



mg/L 


BL21 (DE3)/pT7NS-CamAB 


BL21 (DE3)/pTC-D07 


11107B 


162 


156 


11107D 


0.00 


0.78 



[0124] As a result, the peak of the macrolide compound 1 1 107D was not observed in the case of the E. coli BL21 
(DE3)/pT7NS-CamAB strain used as a control, whereas the peak of the macrolide compound 1 1 1 07Dwas obtained in 
the case of the BL21 (DE3) /pTC-D07 strain containing the psmA and psmB. This fact suggests that the bpmA and the 
bpmB participate in the conversion of the macrolide compound 1 1 107B into the macrolide compound 1 1 107D. Example 
1 0 Determination of the nucleotide sequence of a gene derived from the A-1 560 strain (FERM BP-10102) 
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(1 ) Preparation of a DNA of the A-1 560 strain chromosome 

[0125] The A-1560 strain was inoculated into a medium containing 1% of glucose, 0.4% of malt extract and 1% of 
yeast extract and cultured at 28°C for 3 days. The obtained culture broth was centrifuged at 3000 rpm for 1 0 minutes to 
s collect the mycelia. A chromosome DNA was prepared using Blood & Cell Culture kit (QIAGEN Co.) from the mycelia. 

(2) Cloning of a partial sequence of a DNA encoding a protein having the activity in hydroxylating the 1 6-position of the 
macrolide compound 1 1 107 

10 [0126] Mix primers (5Dm-3F (sequence no. 4) and 5Dm-2R (sequence No. 16) were designed and produced on 
reference to the amino acid sequence estimated as that of the cytochrome P450 (CYP1 05D5) of Streptmyces coeiicolor 
A3(2). 

[0127] In order to promote reactivity taking the fluctuation of a codon into account, mixed bases S (=C+G) and Y 
(=C+T) were used. 

15 [0128] Next, these two types of primers (5Dm-3F and 5Dm-2R) and the A-1 560 strain chromosome DNA obtained in 
the above (1) as a template, were used to run a PCR reaction. The PCR reaction was accomplished by repeating a 
three-stage reaction including denaturing carried out at 98°Cfor 20 seconds, annealing carried out at 50°C for 2 minutes 
and elongation carried out at 68°C for 30 seconds 35 times by using Takara LA Taq (TAKARA HOLDINGS INC. ) and 
a PCR amplifier (T Gradient, Biometra Co.). As a result, a DNA fragment (hereinafter referred to as a DNA fragment- 

20 A3) having a size of about 750 bp was amplified. It is highly possible that this DNA fragment-A3 is a part of the DNA 
encoding a protein having hydroxylating activity. The DNA f ragment-A3 amplified by a PCR reaction was recovered from 
the reaction solution by SUPREC PCR (TAKARA HOLDINGS INC.). 

[0129] In orderto obtain the DNAfragment-A3 in an amount enough to analyze the nucleotide sequence of the obtained 
DNA fragment-A3, the DNA fragment-A3 was bound with a plasmid vector pT7Blue T (Novagen Co. ) by using DNA 

25 Ligation kit ver.2 (TAKARA HOLDINGS INC.) to transform E. coli JM109 strain (Stratagene Co.). Thereafter, the trans- 
formed E. coli was selected using a L-broth agar media (1.0% bactotripton, 0.5% yeast extract, 0.5% NaCI, 1 .5% agar) 
containing ampicillin (50 i^g/mL), X-gal (5-bromo-4-chloro-3-indoly[-p-D-galactoside; 40 ^g/mL) and IPTG (isopropyl-p- 
D-thiogalactopyranoside; 100 |iM). The colony of the transformed E. coli thus isolated was cultured in a L-broth liquid 
medium (1% bactotripton, 0.5% yeast extract,0.5% NaCI) containing ampicillin (50 n,g/mL). A plasmid DNA was separated 

30 from the mycelia of the proliferated transformed E. coli and purified by using a plasmid purifying kit (QIA filter Plasmid 
Midi Kit, QIAGEN Co.), to obtain enough amount of the DNA fragment-A3. 

(3) Analysis of the nucleotide sequence of the cloned DNA fragment-A3 

35 [0130] The nucleotide sequence of the DNA fragment-A3 obtained in the above (2) was analyzed using a DNA nu- 
cleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator cycle sequence method. As the result 
of the nucleotide sequence analysis, it was clarified that the DNA fragment-A3 amplified by a PCR reaction had an exact 
size of 741 bp though it had been found to have a size of about 750 bp by the above measurement using electrophoresis 
(see the nucleotide sequence 61 6 to nucleotide sequence 1356 of the sequence No. 3). Since DNA sequences corre- 

io sponding to the two types of primers used in the above PCR reaction were found at both ends of the above cloned 741 
bp DNA sequence, it was clarified that the DNA fragment-A3 was singularly amplified by these two types of primers 
(5Dm-3F and 5Dm-2R) in the above PCR reaction. 

(4) Analysis of the neighboring region of the DNA fragment-A3 

45 

[0131] As mentioned above, the partial sequence of the DNA encoding a protein having hydroxylating activity derived 
from the A-1560 strain was determined. Therefore, the amplification, cloning and sequence analysis of the nucleotide 
sequence in the neighboring region extending from the upstream side to downstream side of the cloned fragment were 
accomplished by an inverse PCR method (Cell Technology vol. 14, p.591-593, 1995). 

so Specifically, the A-1560 strain chromosome DNA (see the above (1 )) was digested by a restriction enzyme BamHI in a 
K buffer solution (50 mM Tris-HCI, pH8.5, 1 0 mM MgClj,, 1 mM dfthiothreitol and 1 00 mM KCI), by a restriction enzyme 
Kpnl in a L buffer solution (1 0 mM Tris-HCI, pH 7.5, 10 mM MgCI 2 and 1 mM dithiothreitol) and by a restriction enzyme 
Sail in a H buffer solution (50 mM Tris-HCI, pH 7.5, 10 mM MgCI 2 , 1 mM dithiothreitol and 100 mM NaCI) respectively. 
The obtained each DNA fragment cut by the restriction enzymes was self-circularized using DNA Ligation Kit ver.2 

55 (TAKARA HOLDINGS INC.). 

[0132] On the other hand, primers (5PIN-2F (sequence No. 1 7) and 6PIN-2R (sequence No. 7)) were designed and 
produced based on the nucleotide sequence of the DNA fragment-A3. 

[0133] Next, these two primers (5PIN-2F and 6PIN-2R) and the above self-circularized A-1560 strain chromosome 
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DNA as a template, were used to run a PCR reaction. In the PCR reaction, the cycle of a two-stage reaction involving 
denaturing carried out at 98°C for 20 seconds and annealing and elongation carried out at 68°C for 5 minutes was 
repeated 35 times by using Takara LA Taq (TAKARA HOLDINGS INC.) and PCR amplifier (T Gradient, Biometra Co.). 
[0134] As a result, a DNA fragment (DNA fragment-B3) about 4.5 kbp in size, a DNA fragment (DNA fragment-C3) 
about 3.0 kbp in size and a DNA fragment (DNA f ragment-D3) about 1 .7 kbp in size were amplified. It was high ly possible 
that these DNA fragments were a DNA encoding a protein having hydroxylating activity and a DNA having a DNA 
sequence including those in the upstream and downstream regions of the former DNA. 

[0135] The DNAfragment-B3, the DNAfragment-C3andthe DNAfragment-D3 were recoveredfromthe PCR amplified 
reaction solution by SUPREC PCR (TAKARA HOLDINGS INC.). Next, as to the obtained DNA fragment-B3, DNA 
fragment-C3 and DNA fragment-D3, in order to obtain each DNA fragment in an amount enough to analyze the nucleotide 
sequence of the obtained DNA fragment, a plasmid vector pT7Blue T (Novagen Co. ) , DNA Ligation kit ver.2 (TAKARA 
HOLDINGS INC.), E. coli J Ml 09 strain and a plasmid purifying kit (QIA filter Plasmid Midi Kit, QIAGEN Co.) were used 
in the same manner as the above (2), to obtain enough amount of each DNA fragment. 

(5) Analysis of each nucleotide sequence of the DNA fragment-B3 (about 4.5 kbp in size), the DNA f ragment-C3 (about 
3.0 kbp in size) and the DNA fragment-D3 (about 1 .7 kbp in size) 

[0136] Each nucleotide sequence of the DNA fragment-B3, DNA fragment-C3 and DNA fragment-D3 obtained in the 
above (4) was analyzed using a DNA nucleotide sequence analyzer (PE Biosystems 377XL) according to a dye terminator 
cycle sequence method. The nucleotide sequence wasthus analyzed to obtain the information of the nucleotide sequence 
of 1 860 bp shown in the sequence No. 3 from each sequence of the DNA fragment-B3, DNA fragment-C3 and DNA 
fragment-D3. 

[0137] An open reading frame (ORF) in this 1 860 bp was retrieved, to findthat the two kinds of protein were encoded. 
Each amino acid sequence of these proteins was retrieved by the BLAST search, and as a result, an ORF (hereinafter 
referred to as tpmA) encoding a protein consisting of 404 amino acids having high homology to cytochrome P450 existed 
in the base 172 to base 1383 of the sequence No. 3. The tpmA had the highest homology (homology: 77.4%) to the 
amino acid sequence assumed to be that of cytochrome P450 (CYP1 05D5) of Streptmyces coelicolor A3 (2) and also 
a high homology (honology: 76.6%) to the amino acid sequence of the psmA isolated from the A-1 544 strain. It was 
considered from this 'act that the tpmA was highly possibly a gene encoding hydroxylating enzyme of the cytochrome 
P-450 type. 

[0138] Also, an ORF (hereinafter referred to as tpmB) encoding a protein having a high homology to ferredoxin of a 
3Fe-4S type existed just downstream (the base 1399 to base 1593 of the sequence No. 3) of the tpmA. The protein 
encoded by the tpmB consisted of 65 amino acids, and had the highest homology (81 .0%) to the amino acid sequence 
of the psmB isolated from the A-1 544 strain and also a high homology (homology: 82.5%) to the amino acid sequence 
assumed to be that of ferredoxin just downstream of the amino acid sequence assumed to be cytochrome P450 
(CYP1 05D5) of Streptmyces coelicolor A3 (2). Therefore, it was considered that the tpmB served to transfer electrons 
and coded ferredoxin participating in hydroxylation together with the tpmA. 

Example 1 1 Production of a transformant having the tpmA and the tpmB 

(1) Preparation of a DNA fragment containing both the tpmA and the tpmB derived from the A-1 560 strain 

[01 39] A primertpm-NdeF (sequence No. 1 8) obtained by adding a Ndel site to the 5' terminal and a primer tpm-SpeR 
(sequence No. 19) obtained by adding a SPel site to the 5' terminal were designed and produced on reference to the 
nucleotide sequence of the sequence No. 3 analyzed in Example 1 0. Next, these two types of primers (tpm-NdeF and 
tpm-SpeR) and the A-1560 strain chromosome DNA obtained in Example 1 0(1) as a template, were used to run a PGR 
reaction. The PCR reaction was accomplished by repeating a two-stage reaction including denaturing carried at 98°C 
for 20 seconds and annealing and elongation carried out at 68°C f or2 minutes 30 times by using Takara LA Taq (TAKARA 
HOLDINGS INC.) and a PCR amplifier (T Gradient, Biometra Co.}. 

[01 40] As a result, a DNA fragment (hereinafter referred to as a DNA f ragment-E3) having a size of about 1 .5 kbp and 
containing the tpmA and the tpmB was amplified. The DNA fragment-E3 was recovered from this PCR amplified reaction 
solution by SUPREC PCR (TAKARA HOLDINGS INC.). 

(2) Architecture of a plasmid pTC-tpmAB 

[0141] pT7NS-CamAB (see WO03/087381) was digested by respective restriction enzymes Ndel and Spel in a H 
buffer solution (50 mM Tris-HCI, pH 7.5, 1 0 mM MgCI 2 , 1 mM dithiothreitol and 100 mM NaCI) to obtain plasmid digested 
products. Similarly, the DNA fragment-E3 obtained in the above (1 ) was digested by respective restriction enzymes Ndel 
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and Spel. The obtained digested product of the DNA fragment-E3 and the plasmid digested product were bound using 
DNA Ligation Kit ver. 2 (TAKARA HOLDINGS INC.). Thereby, a plasmid (referred to as a plasmid pTC-tpmAB) about 
9.5 kbp in size which was an architecture of a combination of the DNA fragment-E3 containing both the tpmA and the 
tpmB therein and the plasmid pT7NS-CamAB was formed. 

(3) Preparation of E. coli transforming strain BL21 (DE3)/pTC-tpmAB 

[0142] Using the plasmid pTC-tpmAB prepared in Example 1 1 (2), a competent cell (Novagen) of Colibacillus BL21 
(DE3) was transformed, to give E. coli BL21 (DE3)/pTC-tpmAB strain transformed by the plasmid pTC-tpmAB. 

Example 1 2: Conversion of the 1 1 1 07B into the 1 1 1 07D by the E. coli transformant having the tpmA and the tpmB 

[0143] The transformed E. coli BL21 (DE3)/pTC-tpmAB strain obtained in the above (3) and a frozen seed of a BL21 

(DE3) /pT7NS-CamAB strain were inoculated into a 1 5 mL test tube containing 3 mL of a L-broth medium (1 .0% bac- 

totripton, 0. 5% yeast extract, 0.5% NaCI) containing 50 p.g/mL of ampicillin and shake-cultured at 37°C for 20 hours. 

500 jlL of the seed culture broth was inoculated into a 250 mL Erlenmeyer flask containing 50 mL of a L-broth medium 

(1.0% bactotripton, 0.5% yeast extract, 0.5% NaCI) containing 50 ng/tnL of ampicillin and shake -cultured at 32°C for 4 

hours. Then, 50 pi of 100 mM IPTG (isopropyl-p-D-thiogaiactopyranoside) and 50 p.L of 80 mg/mL 5-aminolevuiinic 

acid were successively added thereto, and the medium was shake-cultured at 32°C for 5 hours. The obtained culture 

broth was centrifuged (5000 rpm, 10 minutes) to collect the mycelia. The mycelia were suspended in 1 .75 mL of a 1 00 

mM phosphate buffer solution (pH 6.1), and 250 pL of 80% glycerol and 12.5 \iL of 40 mg/mL macrolide compound 

1 1 1 07B were added thereto. The conversion reaction solution obtained in this mannerwas reacted at28°C for24 hours. 

400 pi. of the reaction solution was extracted with 600 |xL of methanol and the extract was subjected to HPLC to measure 

each amount of macrolide compounds 11107B and 11107D. The results are shown in Table 7. Also, the details of the 

condition of HPLC are shown below. Analyzer: Shimadzu HPLC 10Avp 

Column: Develosil ODS UG-3 (<p4.6 mm x 250 mm 3 ^m) 

Mobile phase: 45% to 55% methanol (0 to 5 minutes) 

55% methanol (5 to 1 3 minutes) 

55% to 70% methanol (1 3 to 1 7 minutes) 

70% methanol (17 to 21 minutes) 

45% methanol (21 to 25 minutes) 

Flow rate: 1.2 mL/min. 

Detection: UV 240 nm 

Injection capacity: 5 m-L 

Column temperature: 40°C 

Analyzing time: 25 minutes 

Retention time: 1 1 1 07B 1 2.2 minutes 

11107D 4.2 minutes 



Table 7 



mg/L 


BL21 (DE3)/pT7NS-CamAB 


BL21 (DE3)/pTC-tpmAB 


11107B 


141 


128 


11107D 


0 


18 



[0144] As a result, the peak of the macrolide compound 1 1 1 07D was not observed in the case of the E. coli BL21 
(DE3)/pT7NS-CamAB strain used as a control, whereas the peak of 1 1 1 07D was obtained in the case of the BL21 (DE3) 
/pTC-tpmAB strain containing the tpmA and tpmB. This fact suggests that the tpmA and the tpmB participate in the 
conversion of 1 1 1 07B into 1 1 1 07D. 

Example 13: Conversion of 1 1 107H into 1 1 107CB represented by the following formulae by a self-cloning strain 
[0145] 
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O 

A, 



H 3 C, 



"OH 



CH 3 
11107H 



CH 3 



CH 3 




X 



H 3 C. 



"OH 



l 3 



11107CB 



(1 ) Preparation of a transformant reaction solution 

[01 46] A medium containing 2.0% of Stabilose, 2.0% of glucose, 2.0% of a soybean meal (Honen Soypro), 0.5% of 
yeast extract and 0.32% of CaC0 3 and having a pH of 7.4 was prepared. A 250 mL Erlenmeyer flask was charged with 
25 mL of the medium, which was then sterilized under heating at 121°C for 20 minutes and thiostrepton was added to 
the medium such that its final concentration was 25 mg/L. Then, 1% of an A-1544/plJDMG strain from frozen seed was 
inoculated to culture the seed at 28°C and 220 rpm for 3 days. 1% of the seed culture broth was added in a medium 
having the same composition to carry out main culturing at 28"C and 220 rpm for 2 days. After the main culturing was 
finished, mycelia were collected from the culture broth by centrifugation and suspended in 20 mL of phosphate buffer 
solution having a pH of 6.5. The substrate 11107H (100 g/L DMSO solution) was added in this mycelia suspended 
solution such that its final concentration was 2000 mg/L to run a conversion reaction at 2B°C and 220 rpm for 1 6 hours. 

(2) Isolation of amacrolide compound 1 1 1 07CB from a transformant reaction solution 

[0147] Mycelia were isolated from a conversion reaction solution (in an amount corresponding to 6 flasks) obtained 
from the same operation, by centrifugation and the centrif uged supernatant was extracted with the equal amount of ethyl 
acetate twice. The extract was concentrated and then the residue was purified by thin layer chromatography (MERCK 
Siiicagei 60 F254' 0.5 mm, developing solution: toluene:acetone=1 :1), to obtain 1 1 9.5 mg of 1 1 107CB. 
1 H-NMR spectrum (CD 3 OD, 500MHz): 5 ppm (integral, multiplicity, coupling constant 'J(Hz)): 

0.81(3H,d,J=B.7Hz), 0.89(3H,d,J=7.0), 0.94<3H,t,J=7.4Hz), 1 .25(3H,s), 1.30-1. 20(1 H.m), 1.33(3H,S), 1 .55-1 .40(2H,m), 
1.65(1H,dd,J=6.3,14.0Hz), 1.75(3H,s), 1.88(1H,dd,J=5.4,14.0Hz), 2.07(3H,s), 2.68-2.40(4H,m), 2.89(1H,m), 3.51(1H, 
m), 4.51(1H,m), 4.97(1 H,d,J=8.6Hz), 4.99(1H,d,J=9.3Hz), 5.30(1H,dd,J=9.7,15.2Hz), 5.52(1 H,dd,J=9.4,15.2Hz), 5.58 
(1H,dd,J=1.9,15.5Hz), 5.78(1 H,dd,J=2.8,15.5Hz), 5.85(1 H,d,J=15.3Hz), 6.07(1 H,d,J=1 1 .0Hz), 6.51(1H,dd, 
J=1 1.0, 15.3Hz) 

Example 14: Conversion of 1 1 1 07L into 1 1 1 07CG represented by the following formulae respectively by a self-cloning 
strain 



[0148] 



35 



EP 1 705 247 A1 



10 




CH 3 CH 3 CH 3 

11107L 



15 



20 




11107CG 

(1) Preparation of a transformant reaction solution 

30 [0149] A medium containing 2.0% of stabilose, 2.0% of glucose, 2.0% of a soybean meal (Honen Soypro), 0.5% of 
yeast extract and 0.32% of CaC0 3 and having a pH of 7.4 was prepared. A 250 mL Erlenmeyer flask was charged with 
25 mL of the medium, which was then sterilized under heating at 121°C for 20 minutes and thiostrepton was added to 
the medium such that its final concentration was 25 mg/L Then, 1% of an A-1544/plJDMG strain from frozen stock was 
inoculated to cultivate the seed culture at 28'C and 220 rpm for 3 days. 1% of this seed culture broth was added in a 

as medium having the same composition to carry out main cultivation at 28°C and 220 rpm for 2 days. After the main 
cultivation was finished, mycelia were collected from the culture broth by centrifugation and suspended in 20 mL of 
phosphate buffer solution having a pH of 6.5. The substrate 1 1 1 07L (1 00 g/L DMSO solution) was added to this mycelia 
suspension solution such that its final concentration was 1600 mg/L to run a conversion reaction at 28°C and 220 rpm 
for 1 6 hours. 

(2) Isolation of a macrolide compound 1 1 1 07CG from a transformant reaction solution 

[0150] Mycelia were isolated from the conversion reaction solution by centrifugation and the centrifuged supernatant 
was extracted with the equivalent amount of ethyl acetate twice. The extract layers were concentrated and then the 
is residue was purified by thin layer chromatography (MERCK Silicagel 60 F254' 0.25 mm, developing solution: toluene: 
acetone=1 :t), to obtain 25 mg of 1 1 1 07CG. 
ESI-MS m/z 633 (M+Na) + 

1 H-NMR spectrum (CD 3 0D, 500MHz) : Sppm ( (integral, multiplicity, coupling constant J (Hz)): 
0.88(3H,d,J=6.7Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,d,J=7.4Hz), 1 .1B(3H,s), 1 .30-1 .20(1 H,m), 1 .39,(3H,s), 1 .56-1 .40(2H, 
so m), 1.66(1H,dd,J=6.2,14.0Hz), 1.79-.169(2H,m), 1.81(3H,d,J=1.0Hz), 1.86(1H,dd,J=5.4,14.0Hz), 2.05(3H,S), 2.08(3H, 
S), 2.52(1 H,dd,J=4.2, 15.2Hz), 2.64-2.55(1 H,m), 2.67(1 H,dd,J=2.2,7.9Hz), 2.78(1 H,dd,J=3.0,15.2Hz), 2.90(1 H,dt, 
J=2.2,5.6Hz), 3.52(1 H,dt,J=4.4,8.8Hz), 3.75(1 H,m), 4.98(1 H,dd,J=2.8,1 1.3Hz), 5.08(1 H,d,J=9.7Hz), 5.13(1 H,d, 
J=9.6Hz), 5.61 (1H,dd,J=9.9,1 5.2Hz), 5.75(1 H,dd,J=9.7,15.2Hz), 5.88(1 H,d,J=15.3Hz), 6.13(1H,d,J=1 1.0Hz), 6.54(1 H, 
dd,J=11.0,15.3Hz) 

55 

Industrial applicability 

[0151] A 12-membered macrolide compound which has hydroxyl group at the 16-position and is exellentin antitumor 
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activity and stability in an aqueous solution can be produced efficiently by using a transformant obtained by transformation 
using a plasmid carrying the DNA of the present invention. 



15 
20 



30 
35 



50 
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SEQUENCE LISTING 

<110> Mercian Corporation 

<110> Eisai Co., Ltd 

<120> ONA related to hydroxylat ion of macro! ide compounds 

<130> 04063PCT 

<150> JP 2003-396828 

<151> 2003-11-27 



<21 D> 1 

<211> 3793 

<212> DNA 

<213> Streptomyces sp. 

<220> 
<221> CDS 

<222> (1322).. (2548) 

<220> 
<221> CDS 

<222> (2564).. (2761) 
<400> 1 

ctgcagctcg acgtgcgggt cggacttcac gttgaagtac cagaccggat gcttgggcgc 60 

accgcccagc gaggcgaccg ccgcgtaact cccctcgtgc tcgacccgca tcagcggcgt 120 

cttgcggatc tttccgctgc gcgcgccccg ggtggtgagc acgatgaccg gcagcccggt 180 

gtcccgcagc gtggtgccct tggtgccccc ggaactctcg tacagctcga cctgctcgcg 240 

cacccactgc gtcgggctgg gctcgtactc gccctcaagt ggcaagggat ccgtctcctt 300 

cgtcggtccg gcggatggtg ctccggacgg tcccaactcc cgcggccgcc cggatcatcc 360 

gtaccgcatg ccccttcgcc cgagcgggtg atcaccgttc cggccatccg gtcgtccgca 420 

ccgcgagcac caggatcacg gcgctggaga Ecagggccgt gaccagccgc ccccggtggc 480 

ccgtcagggc gcgacccagc agcgcgcccc cgcccgccag cagtagctgc cagctcgcgg 540 

acgcggcgaa ggccgccgcg gcgaacaccg cccgtttcag cggccgtgcc gcaccggcgg 600 

cgccgctgcc gagcaccagc gccacgaagt agaccaccgt catgggattg agcagggtga 66D 

tcccgagaag gccgagataa gcccctgccg cgcctggaac cggccgttcc gggcgggtgg 720 

tgagccgatg ggcgcggtac tgccgcaggg cgagcagcgc cgcccgcagc gcgagcaccg 780 

cgaggaccag cgccgaggcc cagcgcagcg ggtccagcac cggccgcagc tgtgccgcga 840 

gggcggcgcc gcccacggtc gcgagcagcg cgtacagccc gtcggccgtg gcgacgccga 900 

gcgccgccga ggcgccggtg cgcagcgagg tgcgggcggt gagggagacc agataggtcc 960 

cgaccgcgcc gacgggcacc gcgatgccgt acccggcgag caggcccgcg agcagcgcgc 1020 

ccgtcacggg cgtgcgggac tggttcctcc ggggacggcg gggctgctgt cggcccggca 1080 

ccgcgggggc ggtggcagcg ggcgtcggca ggagggaggc tgtaggaggc atgggccgat 1140 

cctggggccg.ccgcgcccgc accggcaaat gaattacggc gcgttccagc ccccggccgg 1200 

ctcgctcttc ggccacttca ccgcgtacgg cgatctggcc gaacttgctg tcgccccata 1260 

ggtgcctcgg gcatctaatg aagatcggca cgacgcacct cttcgtctgc gaggtctttc 1320 

c atg acg gaa ctg acg gac ate acc ggc ccg ggg acc ccg gcc gaa 1366 
Met Thr Glu Leu Thr Asp lie Thr Gly Pro Gly Thr Pro Ala Glu 
1 5 10 15 

ccc gtc gca ttc ccc cag gac cgc acc tgc ccc tac cac ccc ccc acc 1414 
Pro Val Ala Phe Pro Gin Asp Arg Thr Cys Pro Tyr His Pro Pro Thr 

20 25 30 

gga tac ggc ccg ctg cgc gac ggg cgc age ctg tec cgc gtc acc etc 1462 
Gly Tyr Gly Pro Leu Arg Asp Gly Arg Ser Leu S«r Arg Val Thr Leu 

35 40 45 

ttc gac ggc cgc gag gtc tgg atg gtc acg ggc cac gcc acc gcc cgc 1510 
Phe Asd Gly Arg Giu Val Trp Met Val Thr Gly His Ala Thr Ala Arg 
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285 



1558 
1606 
1654 
1702 
1750 
1798 



i 50 55 60 

gcg ctg etc gcg gac ccc egg ctg tec acc gac cgc acc etc ccg ggc 
Ala Leu Leu Ala Asp Pro Arg Leu Ser Thr Asp Arg Thr Leu Pro Gly 

65 70 75 

tie ccc gtg ccc acg gec cgc ttc gcg gec gtc cgc gac cer egg gte 
Phe Pro Val Pro Thr Ala Arg Phe Ala Ala Va I Ari Asp A?{ A?g ¥ 
°° 85 90 95 

gcg ctg etc ggc gtg gac gac ccg gtc cac cag acc cag- egg egg atg 
Ala Leu Leu Gly Val Asp Asp Pro Val His Gin Thr Gin Arg Arg Met 

100 105 no 

atg ate ccg teg ttc acc etc aag cgc gcg gec ggg ctg egg ccr arr 
Met lie Pro Ser Phe Thr Leu Lys Arg Ala Ala Gl? Leu Sfg So Thf 

115 120 125 

ate cag egg acc gtc gac ggg ctg ctg gac gcg atg ate gag aag ggg 
lie Gin Arg Thr Val Asp Gly Leu Leu Asp Ala Met Me Glu Lys Gl? 

13U 135 140 

ccg ccg gee gag ctg gtc tec gee ttc gec ctg ccc gtg ccc teg gtg 
Pro Pro Ala Glu Leu Val Ser Ala Phe Ala Leu Pro Val Pro Sef Val 

I4& 150 155 

§ l ? l gc f gc , ctE ctc ggc etg ccg tac gec gac cac gag ttc ttr ia^k 
Va lie Cys Gly Leu Leu Gly Val Pro Tyr Ala Asp His Glu pAe Phe 1846 
IDU loo 170 nvi; 

rtu n! rfn ll c l ec , ctg , ctg C , 8C £ gt ccc acE ecc gec gac teg 1894 

Glu Glu Gin Ser Arg Thr Leu Leu Arg Gly Pro Thr Ala Ala Asp Ser 

lou 185 190 

caa ggg gcg cgc gag egg ctc gag gag tac ctc ggc ggg ctg ate gac 

Gin Gly Ala Arg Glu Arg Leu Glu Glu Tyr Leu Gly Gl? Leu Me AsS ' 

lifp 200 205 

gac aag gag egg cag gec gaa ccc ggc gac ggc gtc ctg gac gac ctc iQQfl 

Asp Lys Glu Arg Gin Ala Glu Pro Gly Asp Gly V a | Leu'S Asp du ^ 

. CiU ^15 220 

w i S 3C r? e » gg , ct£ cec 2CC EEC gaE ct e gac egg cgc gac gtg gtg ?m« 

Val His Gin Arg Leu Arg Thr Gly Glu Leu Asp Ari Arg til Val Val 38 

"0 ^30 235 

gcg ctg gec gtc ate ctg ctc gtg gee ggg cac gag ace acc err aar ™rr 

Ala Leu Ala Val lie Leu Leu Val Ala Gly His Glu Thf Thr Ah Asn 2085 

<^5 250 255 

atg ate tec etc ggc acc tac acg ctg ctg egg cac ccc ggc egg ctg ?iu 

Met I le Ser Leu Gly Thr Tyr Thr Leu Leu Ari His Pro Gly A?f Leu 34 

cb\) 265 270 

gee gag ctg cgc gee gac ccg gcg ctg ctg ccc gec gec gtg gae e ae 

Ala Glu Leu Arg Ala Asp Pro Ala Leu Leu Pro Ala Ala Val Glu Glu 



2182 
2230 

2278 



i cte i a , tg ^ gg . a , tg , ctc tcg atc ecg eac EEE ctg ctg cgc ctg gee ctg 

Leu Met Arg Met Leu Ser lie Ala Asp Gly Leu Leu Arg Leu Ala III 

" u 295 300 

gag gac atc gag atc gee ggc gec acg atc egg gec ggc gag eec etr 

Glu Asp lie Glu lie Ala Gly Ala Thr lie A?g Ala Gly Glu Gly Val 

oud 31Q jig 

ctg ttc tec acc tcg ctg atc aac cgc gac gag tec gtg ttc gac car 9 we 

eu Phe Ser Thr Ser Leu lie Asn Arg Asp Glu Se7 Val Phe A ? s Asp 2326 

idU 3 " 330 55c 

ccc gac acc ctg gac ttc cac cgc tec acc cgc cac cac gtg gec ttr 

Pro Asp Thr Leu Asp Phe His Arg Ser Thr Arg His His vJl Ala Phe 

J 4U 345 ocn 

STf f£S SB Tf| SS gE 8B SR JSS £2 r; J- jfj r- '« 

s 360 365 

Ctg gag atc gCC Ctg ggc acg CtC ctg gag egg Ctc rrr eer rtr roo o/nn 

Leu Glu lie Ala Leu Gly Thr Leu Leu Glu A?g Leu Pro Gl LeS f ^ 

370 375 3g0 



2374 



EP 1 705 247 A1 



ctg gcc gcg ccc gcc gag gag ate ccg ttc aaa ccc ggc gac acg ate 2518 

Leu Ala Ala Pro Ala Glu Glu lie Pro Phe Lys Pro Gly Asp Thr lie 

385 390 395 

cag ggg atg ctg gaa etc ccc gtg acc tgg taa gaggctctgg tc atg cac 2569 

Gin Gly Met Leu Glu Leu Pro Val Thr Trp Met His 

400 405 410 

ate gac ate gac aag gac cgc tgc ate ggc gcc ggc cag tgc gcg ctg 2617 

lie Asd lie Asp Lys Asp Arg Cys lie Gly Ala Gly Gl.ru Cys Ala Leu 

415 420 425 

gcc gcc ccg ggc gtg ttc acc cag gac gac gac ggc tac age acc ctg 26G5 

Ala Ala Pro Gly Val Phe Thr Gin Asp Asp Asp Gly Tyr Ser Thr Leu 

430 435 440 

etc ccc ggc cgc gag gac ggc ggg ggc gac ccg atg gtc egg gag gcg 2713 

Leu Pro Gly Arg Glu Asp Gly Gly Gly Asp Pro Met Val Arg Glu Ala 

445 450 455 

gcc cgc gcc tgc ccg gtg age gcc ate egg gtg acc gaa ccg gcc ggc 2761 

Ala Arg Ala Cys Pro Val Ser Ala lie Arg Val Thr Glu Pro Ala Gly 
460 465 470 475 

tga ggcggggccc ggcggccgcg gcccgctgcc gggaccgccg ttcccagttc agtagg 2820 

gtcgtgcgat gacctcacag geegggaage ccttcctcta cgtcgtcgtc tgcgcggccg 2880 

ggaccgccgc cggagtcacc aegctgateg gcgccgccca ggegegggge tgggaggtgg 2940 

gggtcctggc cacgccggtg geeateggeg ggttcttcga cacggctgcg gtcgaggaga 3000 

tgacgggccg gcccatccgc tcggcctggc gctcgccggc cgat:cgcgc ccgttcccgc 3060 

cgccgggcgc cgtggtggtg gcgcccgcca ccttcaacac cgtcaacaag tgggcggccg 3120 

gtctcgccga cacgctcgcc gtcggcacgc tetgegagge ggcgggcctc ggcgtgccga 3180 

tcgccgtcct gccctgcgtg gcggacgcgc tggccgccca ccccgcgjac egggagggee 3240 

ttctccggct gcgtgggatg ggcgtccgct tcggcgagcc gtacgcc'ggc ccgccggggg 3300 

aggaeggega ggeggaegge gcacggcccg ggttcgcctg ggagaacgee ctggacctgc 336D 

tggageggge ctgaacccgc tccccgaccc gtagggcctg tctgacactg tcagacaggc 3420 

cctaacggca ggtcagcgcc ggcccggcca gcatgccgcc ggtgtagagg tcctggcccc 3480 

gcggcagcca gtagcccagc ctggagacca ccgtggagca gtcaggcccg aeggtgaege 3540 

ggaccttcac cgtctcggga cggccgggct geagegeggt cagcgcgcag tccagggagt 3600 

acgcgagccg ggtcttcgag gtaccggccg accagegggt tgacgcagcg ggcgtcetcc 3660 

gtggcgatcc gcaccccggt gcccgccccg ccgatgagtc cgagccgggc gctgccgtcg 3720 

ccc egtege tgtcccggce gaccetgtag gtcagcgtgg tggtggcgtc gcgccgcagg 3780 

gtgtccggtc gac 3793 

<210> 2 
<211> 2329 
<212> DNA 

<213> Streptomyces sp. 

<220> 
<221> CDS 

<222> (420).. (1604! 

<220> 
<221> CDS 

<222> (1643).. (1834) 
<400> 2 

ggatccaegg gtggccgccg cgctcgcccg ggtgaccgac eggegtateg getatgtege 60 

cgcgctcttc gcggcgctgg gcttccccga gggcgaggcg cgggaccgcg gcctgctggc 120 

Btacaccgcc tacctcggcc acacccagct cggacatgcc gtccgacaga gcctgccggc 180 

egaggeggea cacgaccgct atctggatgg cgtgatcgac accctcgtac ggccgcggga 240 

eggaggegat gaagccgaac atgtcacaat ctgaacgagg ttggcggaac tgcgcgcaga 300 

acatgcccgg tatccgcggc atgaggtgag atcggcgcgg cgaaacacgg tgcgccacag 360 
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cgttgccatc tcacacacga gcaactcgag ccacttgaga cicgtacggg aggaaattc 419 

gtg acc gaa gcc ate ccc tac ttt cag aac cgc acc tgt ccc tac cac 467 

Val Thr Glu Ala lie Pro Tyr Phe Gin Asn Arg Thr Cys Pro Tyr His 

1 5 10 15 

ccg ccc gcc gcc tat cag cca ctg cgc ggg gcc ggc ccg ctg age eat 515 

Pro Pro Ala Ala Tyr Gin Pro Leu Arg Gly Ala Gly Pro Leu Ser His 

20 25 .„ 30 

gtc acg ttc tac gac ggc egg aag gtg tgg gcg gtc acc ggc cac ccc 563 

Val Thr Phe Tyr Asp Gly Arg Lys Val Trp Ala Val Thr Gly His Pro 

35 40 ' 45 . 

gag gca egg gcg ctg ctg acc gac cag cga etc tec gcc gac egg cag 611 

Glu Ala Arg Ala Leu Leu Thr Asp Gin Arg Leu Ser Ala Asp Arg Gin 

50 55 60 

aac ccg gcc ttc ccg gtc ccc ttc gaa cgc ttc gcg gcc ate cgc egg 659 

Asn Pro Ala Phe Pro Val Pro Phe Glu Arg Phe Ala Ala He Arg Arg 

65 70 75 80 

gtc egg acg ccg ctg ate ggg gtc gac gac ccg gag cac aac acc cag 707 

Val Arg Thr Pro Leu lie Gly Val Asp Asp Pro Glu His Asn Thr Gin 

85 90 95 

cgc egg atg ctg ate ccc age ttc age etc aag egg acc gcc gca ctg 755 

Arg Arg Met Leu lie Pro Ser Phe Ser Leu Lys Arg Thr Ala Ala Leu 

100 105 110 

egg ccg gag ate cag egg ate gtc gac ggg ctg etc gac egg atg ctg 803 

Arg Pro Glu Me Gin Arg lie Val Asp Gly Leu Leu Asp Arg Met Leu 

115 120 125 

gat cag ggc ccg ccc acc gag ctg gtc tec gcg ttc gcc ctg ccg gtc 851 

Asp Gin Gly Pro Pro Thr Glu Leu Val Ser Ala Phe Ala Leu Pro Val 

130 135 140 

ccg teg atg gtg ate tgc gca ctg etc gga gtc tea tac'gee gac cat 899 

Pro Ser Met Val He Cys Ala Leu' Leu Gly Val Ser Tyr Ala Asp His 

145 150 155 160 

gag ttc ttc gag gag gag tec cgc cgc ate ctg cgc ggc egg teg gcc 947 

Glu Phe Phe Glu Glu Glu Ser Arg Arg Me Leu Arg Gly Arg Ser Ala 

165 170 175 

gag gag gcg gag gac gcc egg ctg aag ctg gag gag tac ttc acc ggg 995 

Glu Glu Ala Glu Asp Ala Arg Leu Lys Leu Glu Glu Tyr Phe Thr Gly 

180 185 190 

ctg ate gcc gcc aag gag aag aac ccg ggc gac ggg ctg ctg gac gag 1043 

Leu Me Ala Ala Lys Glu Lys Asn Pro Gly Asp Gly Leu Leu Asp Glu 

195 200 205 

ctg ate gag gac egg ctg egg acc ggc gcg etc acc cgc gac gag ctg 1091 

Leu Me Glu Asp Arg Leu Arg Thr Gly Ala Leu Thr Arg Asp Glu Leu 

210 215 220 

gtc egg etc gcc atg ate ctg ctg gtg gcc ggc cat gag acc acc gcc 1139 

Val Arg Leu Ala Met Me Leu Leu Val Ala Gly His Glu Thr Thr Ala 

225 230 235 240 

aac atg ate teg etc ggc acc ttc acc ctg ctg gac cac ccc gag cag 1187 

Asn Met He Ser Leu Gly Thr Phe Thr Leu Leu Asp His Pro Glu Gin 

245 250 255 

ctg gcg cag etc aag gcc gac gag ggc ctg atg ccg gcc gcc ate gag i 235 

Leu Ala Gin Leu Lys Ala Asp Glu Gly Leu Met Pro Ala Ala lie Glu 

260 265 270 

gag ctg ctg cga ttc ctg tec ate gcg gac ggc ctg ctg egg gtg gcg 1283 

Glu Leu Leu Arg Phe Leu Ser lie Ala Asp Gly Leu Leu Arg Val Ala 

275 280 285 

acg gag gac ate gag ate ggc ggt cag gtg ate egg gcc gac gac gcg 1331 

Thr Glu Asp I le Glu I le Gly Gly Gin Val Me Arg Ala Asp Asp Ala 

290 295 300 

gtc ctg ttc ccc gcc tea ctg ate aac egg gac gag gcc gcc tat ccg 1379 

Val Leu Phe Pro Ala Ser Leu Me Asn Arg Asp Glu Ala Ala Tyr Pro 



EP 1 705 247 A1 



305 . 310 315 320 

gca ccc gac gag ctg gac etc ggc cgt teg gcc cgc cat cac gtg gcg 1427 

Ala Pro Asp Glu Leu Asd Leu Gly Arg Ser Ala Arg His His Val Ala 

325 330 335 

tec ggc ttc ggg ate cac cag tgc ctg ggg cag aac etc gcc cgc gcg 1475 
Ser Gly Phe Gly Me His Gin Cys Leu Gly Gin Asn Leu Ala Arg Ala 

340 345 350 

gag atg gag ate gcg ctg cgc tea ctg ttc acc agg atcccg cag ctg 1523 
Glu Met Glu lie Ala Leu Arg Ser Leu Phe Thr Arg lie Pro Gin Leu 

355 360 365 

egg etc gcc gtg ccg gcc gcc gag att ccg ttc aag gac gga gac acc 1571 
Arg Leu Ala Val Pro Ala Ala Glu I le Pro Phe Lys Asp Gly Asp' Thr 

370 375 380 

ctg caa ggc atg ate gaa ctg ccg ctg gcc tgg tag cagccaggac ggcaga 1523 
Leu Gin Gly Met lie Glu Leu Pro Leu Ala Trp 
385 390 395 

ccaaagaaag gggtccgga atg egg ate gcg ate gac acc gac cgc tgt ate 1675 
Met Arg lie Ala He Asp Thr Asp Arg Cys lie 
400 405 
ggc gcc ggc cag tgt gcc ctg acc gcg ccc ggg ggt ttc acc cag gat 1723 
Gly Ala Gly Gin Cys Ala Leu Thr Ala Pro Gly Gly Phe Thr Gin Asp 

410 415 420 

gac gac ggt ttc aet gca ctg ctg ccc ggc egg gag gac ggc gcc ggc 1771 
Asp Asp Gly Phe Ser Ala Leu Leu Pro Gly Arg Glu Asd Gly Ala Gly 

425 430 435 

gac ccg ctg gtg egg gaa gcc gcc cgc gcc tgc ccc gtg cag gcc att 1819 
Asp Pro Leu Val Arg Glu Ala Ala Arg Ala Cys Pro Val Gin Ala' I le 

440 445 450 

gcg gtc acc gac gat tag cagcaccccc gcggacgacc cggcagacgc gcgcggcc 1875 
Ala Val Thr Asp Asp 
455 

ccggctgaca cccggcgccc gaggcgcgcc cgagccgtcc gcccctccac ttgtccctac 1935 
ggcatccacc ccatccgcta ccgcaacacc ccttgggtga cgggcagttt cgaggacccc 1995 
ggtgtgcccg gggcgtactg gtgacegtea ccggcttcac gecgegattg cccacatagg 2055 
cgtcgtcgct cgcggcgatc aegaagegeg gtcggtgccc eggctegtaa eggtgeaega 2115 
tgcccggcag ttccacggtg aaccgccggg ccacatcggg cacccgggcc ggggceacca 2175 
acaggtgeae cagcgtcttc ctgccgttcg gcgcgacatc gtagagcttg gegaacagea 2235 
ccagcttgtc cgccgcatcc gcggaccgct gcgcccgccc ggcctgcggc gaggcaacct 2295 
tcagcgtcac cctcggcgcg cccaccacgt cgac 2329 

<210> 3 
<211> 1860 
<212> DNA 
<213> Unknown 

<220> 

<221> CDS 

<222> (172).. (1383) 

<223> A-1560 strain 

<220> 
<221> CDS 

<222> (1399).. (1593! 
<400> 3 

eggggategt acgccgtacc gtttegggge aaccgaatta egatgeggaa tggatggttc 60 
ccagccagat cccgcaggta gecgatctgg ccgaacttga tgtcgtgcac tggatgeetc 120 
gggcatctaa tgaagategg cacgacgcat ccttcgtctg cgaggtctcc c atg aca 177 

Met Thr 

1 
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gac acg ac-a gac ctg acc gag ctg tea gat ccc gtc tec ttc ccc cag 225 

Asp Thr Thr Asp Leu Thr Glu Leu Ser Asp Pro Val Ser Phe Pro Gin 

5 10 15 

gac egg age tgc ccc tac cac ccg ccc acc ggg tac gac ccg ctg cgc 273 

Asp Arg Ser Cys Pro Tyr His Pro Pro Thr Gly Tyr Asp Pro Leu Arg 

20 25 30 

acc gaa egg ccg ccc gee cgc ate egg etc tac gac ggc cgc ccc gec 321 

Thr Glu Arg Pro Pro Ala Arg Me Arg Leu Tyr Asp Gly. Arg Pro Ala 

35 40 45 50 

tgg etc gtc acc ggc cac gee gtc gee cgt gac ctg ctg gtc gac ccc 369 

Trp Leu Val Thr Gly His Ala Val Ala Arg Asp Leu Leu Val Asp Pro 

55 60 65 

cgc ctg tec acg gac cgc acc cgc teg ggc ttc ccg gee aca act ccc 417 

Arg Leu Ser Thr Asp Arg Thr Arg Ser Gly Phe Pro Ala Thr Thr Pro 

70 75 80 

cgc ttc gec gcg gtc cgc gac cgc aag ccg gcg etc etc ggc gtc gac 465 

Arg Phe Ala Ala Val Arg Asp Arg Lys Pro Ala Leu Leu Gly Val Asp 

85 90 95 

gac ccc aag cac cgc acc cag egg tgg atg atg ate ccg age ttc acc 513 

Asp Pro Lys His Arg Thr Gin Arg Trp Met Met lie Pro Ser Phe Thr 

100 105 110 

etc agg cgc gec acc gag etc agg ccg cgc ate cag gag at: gtc gac 561 

Leu Arg Arg Ala- Thr Glu Leu Arg Pro Arg Me Gin Glu Me Val Asp 

115 120 125 130 

gaa ctg ctg gac gtg atg ate gec cag gga ccc ccg gee gac ctg gtg 609 

Glu Leu Leu Asp Val Met Me Ala Gin Gly Pro Pro Ala Asp Leu Val 

135 140 145 

cgt tec ttc gcg ctg ccg gtg ccg tec atg gtg ate tgc gec ctg etc 657 

Arg Ser Phe Ala Leu Pro Val Pro Ser Met Val Me Cys Ala Leu Leu 

. 150 155 • 160 

ggc gtg ccc tac gec gac cac gag ttc ttc gag gac cag tec agg egg 705 

Gly Val Pro Tyr Ala Asp His Glu Phe Phe Glu Asp Gin Ser Arg Arg 

165 170 175 

ctg ctg cgc gga ccg gcg gec gag gac acg cag gac gec egg gac egg 753 

Leu Leu Arg Gly Pro Ala Ala Glu Asp Thr Gin Asp. Ala Arg Asp Arg 

180 185 190 

etc gec gcg tac ctg gag gac ctg ate gac gag aag egg cgc egg ccc 801 

Leu Ala Ala Tyr Leu Glu Asd Leu I le Asp Glu Lys Arg Arg Arg Pro 

195 200 205 210 

ggt gac ggc ctg ctg gac gaa etc gtc cag cag cgt ctg aac gaa ggc 849 

Gly Asp Gly Leu Leu Asp Glu Leu Val Gin Gin Arg Leu Asn Glu Gly 

215 220 225 

gag etc gac egg gag gaa ctg acc gcg ctg gcg atg ate ctg ctg gtc 897 

Glu Leu Asp Arg Glu Glu Leu Thr Ala Leu Ala Met Me Leu Leu Val 

230 235 240 

gcg ggc cac gag acc acc gec aac atg ate tec ctg ggc acc tac acg 945 

Ala Gly His Glu Thr Thr Ala Asn Met lie Ser Leu Gly Thr Tyr Thr 

245 250 255 

etc ctg ctg cac ccc gaa egg ctg acc gag ctg cgc gee gac ccc gcg 993 

Leu Leu Leu His Pro Glu Arg Leu Thr Glu Leu Arg Ala Asp Pro Ala 

260 265 270 

ctg ctg ccg gee gec gtc gag gaa ctg atg egg atg ctg tec ate gcg 1041 

Leu Leu Pro Ala Ala Val Glu Glu Leu Met Arg Met Leu Ser Me Ala 

275 280 285 290 

gac gga ctg ctg egg cag gec acc gag gac ate gag ate gec ggg acc 1089 

Asp Gly Leu Leu Arg Gin Ala Thr Glu Asp lie Glu Me Ala Gly Thr 

295 300 305 

acc ate agg gec ggg gac ggc gtg gtc . ttc tec acc tct gtc' ate aac 1137 

Thr Me Arg Ala Gly Asp Gly Val Val Phe Ser Thr Ser Val Me Asn 

310 315 320 

cgc gac gag gac gtc tac ccg gec ccc gac acc etc gac ttc cac cgc 1185 
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Arg Asp Glu 
325 

teg acc cgc 
Ser Thr Arg 

34C 
ggc cag aac 
Gly Gin Asn 
355 

etc gaa egg 
Leu Glu Arg 

ccc ttc aaa 
Pro Phe Lys 



gac gac gac 
Asp Asp Asp 
415 

ggc gac ccg 
Gly Asp Pro 

ate acg ctg 
lie Thr Leu 
465 

tgccgcggcg 
ccgtggcccc 
ccctccgggg 
cgtcgtcgtc 



Asp Val Tyr Pro Ala Pro Asp Thr Leu Asp Phe His Arg 

330 335 
cac cac gtc ecc ttc ggt ttc gga ate cac cag tgc etc 1233 
His His Val Ala Phe Gly Phe Gly lie His Gin Cys Leu 

345 350 
etc gee cgc acc gaa ctg gag ate gec ctg cgc acg etc 1281 
Leu Ala Arg Thr Glu Leu Glu lie Ala Leu Arg Thr Leu 
360 365 370 

ctg ccc acg etc egg etc gec gec cca ccg gag gaa ate 1329 
Leu Pro Thr Leu Arg Leu A I a Ala Pro Pro Glu Glu Me 

375 380 385 

ccc ggc gac acc ate cag ggg atg ctg gaa etc ccc gtc 1377 
Pro Gly Asp Thr Me Gin Gly Met Leu Glu Leu Pro Val 
390 395 400 

gaggctgecg tc atg cat ate gag ate gac aag gac cgc tgc 1428 
Met His He Glu lie Asp Lys Asp Arg. Cys 
405 410 
gga cag tgc gec ctg acc gec ccg ggt gtg ttc acc cag 1476 
Gly Gin Cys Ala Leu Thr Ala Pro Gly Val Phe Thr Gin 

420 425 430 

ggc ttc agt gar. ctg ttg ccc ggc egg gag gac ggc gec 1524 
Gly Phe Ser Asp Leu Leu Pro Gly Arg Glu Asp Gly Ala 

435 440 445 

atg gtc egg gag gec gec agg gee tgc ccc gtg agt gec 1572 
Met Val Arg Glu Ala Ala Arg Ala Cys Pro Val Ser Ala 
450 455 460 

tec gag gac ggg tag gggge'egage cgcgccgccc gccggtccgc 1626 
Ser Glu Asp Gly 

ccgtgccgac gcggcggccg gccggcccgt ccggtgc'ccg tcgcgtcgcc 1686 
ggeggegget gattgactag ggttcccggg tgagegaaca ggcccagaag 1746 
cgccgcccgc gaaagacacc gggaeggege ccgggaaacc ccttcctcta 1806 
tgcgccgccg gcatcgccga aggegtcage aagctgatca cege I860 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 

<220> 
<223> 

<220> 
<223> 



29 
DNA 

Artificial Seouence 
STRANDNESS : single 
TOPOLOGY : linear 

Description of Artificial Sequence : 5Dm— 3F Prir 



ttcgcsctsc- csgtcccstc satggtsat 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 



5 

21 
DNA 

Artificial Sequence 



STRANDNESS : single 
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<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : 5Dn-3R Primer 
<400> 5 

gttgatsays gasgtsgaga a 



<210> 6 

<211> 3C 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : 6PIN-2F Primer 



gctgcgcctg gccctggagg acatcgagat 



<210> 7 

<211> 30 

<212> DNA 

<2T3> Artificial Sequence 
<220> 

<223> STRAW DNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : 6PIN-2R Primer 

<400> 7 

ctgttcctcg aagaactcgt ggtcggcgta 



<Z10> 8 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS .single 
<220> 

<223> _ TOPOLOGY : linear 
<2Z0> 

<223> Description of Artificial Sequence : DM-NdeF Primer 

<400> 8 
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gcccccatat gacggaactg acggacatca 

<210> 9 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : DM-SpeR Primer 

<400> 9 

gggccactag tcagccggcc ggttcggtca 

<21Q> 10 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : DM-BglF Primer 

<400> 10 

cgcatagatc ttcacccgag cgggtgatca 

<210> 11 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<2Z3> TOPOLOGY : linear , 
<220> 

<223> Description of Artificial Sequence : DM-BglR Primer 

<400> 11 

tcccgagatc ttgaaggtcc gcgtcaccgt 



<210> 12 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : 5D-1R Primer 

<400> 12 
aggtgcccag cgagatcatg tt 



<210> 13 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 



<220: 



Description of Artificial Sequence : 7PIN-2F Prime 



<400> 1 3 

cca.tgatcct gctggtggcc ggccatgaga 



<210> 14 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

. <223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 



<220> 

<223> Description of Artificial Sequence : 07-NdeF Prime 
<400> 14 

gccccatatg accgaagcca tcccctactt 



<210> 15 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
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' <22Q> 

<223> Description of Artificial Sequence : 07-SpeR Primer 

<4O0> 1 5 

gccactagtg ctaatcgtcg gtgaccgcaa . . 30 

<210> 16 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : 5Dm-2R Primer 

<400> 16 

ctggatsgtg tcsccsggyt t 21 

<210> 17 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> S7RANDNESS : single 
<220> 

<223> TOPOLOGY : linear 

<220> 

<223> Description of Artificial Sequence : 5PIN-2F Primer 

<4O0> 17 

cggaatccac cagtgcctcg gccagaacct 30 

<210> 18 

<211> 30 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> ■ STRAMDN'ESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : tpm-NdeF Primer 

<400> 18 

ggccccatat gacag2cacg acagacctga 30 



48 
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<210> 
<211> 
<212> 



19 
30 
DNA 



<213> Artificial Sequence 
<220> 

<223> STRANDNESS : single 
<220> 

<223> TOPOLOGY : linear 
<220> 

<223> Description of Artificial Sequence : tpm-SpeR Primer 

<400> 19 

gcgcgactag tccccctacc cgtcctcgga 



» 1. A DNA participating in biological transformation of a macrolide compound (hereinafter referred to as a macrolide 
compound 1 1 1 07B) represented by the formula (I): 




into a 1 6-position hydroxy macrolide compound represented by the formula (II): 




11107D (II) , 
the DNA being an isolated and pure DNA comprising a DNA encoding a protein having 1 6-position hydroxyiating 
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enzymatic activity or ferredoxin, partly or entirely or its variant 

2. The DNA according to Claim 1, which is characterized by the following (a), (b) or (c): 

s (a) a DNA encoding a protein having the enzymatic activity in hydroxylating the 16-position of the macrolide 

compound 1 1 1 07B and selected from the group consisting of a continuous nucleotide sequence from the base 
1322 to base 2548 of the sequence No. 1 ; a continuous nucleotide sequence from the base 420 to base 1604 
of the sequence No. 2; and a continuous nucleotide sequence from the base 1 72 to base 1 383 of the sequence 
No. 3; 

10 (b) a DNA which is a variant of the DNA described in the above (a); 

(i) is hybridized with the DNA described in the above (a) under a stringent condition; and 

(ii) encodes a protein having enzymatic activity in hydroxylating the 1 6-position of the macrolide compound 
11107B; and 

15 

(c) a DNA encoding a protein having the same amino acid sequence as the protein encoded by the DMA 
described in the above (a) or (b) though it is not hybridized with the DNA described in the above (a) under a 
stringent condition because of the degeneracy of a gene codon. 

so 3. A protein encoded by the DNA as claimed in Claim 2. 

4. A self-replicative or integrating replicative recombinant plasmid carrying the DNA as claimed in Claim 2. 

5. A transformant into which the recombinant plasmid as claimed in Claim 4 transforms. 

25 

6. A method of isolating a DNA encoding a protein having enzymatic activity in hydroxylating the 16-position of the 
macrolide compound 1 1 1 07B, the method characterized by using the DNA as claimed in Claim 2 or a DNA con- 
stituted of a part of the DNA as a probe or a primer. 

30 7. The DNA according to Claim 1 , which is characterized by the following (d), (e) or (f ): 

(d) a DNA encoding ferredoxin and selected from the group consisting of a continuous nucleotide sequence 
from the base 2564 to base 2761 of the sequence No. 1 , a continuous nucleotide sequence from the base 1 643 
to base 1834 of the sequence No. 2 and a continuous nucleotide sequence from the base 1399 to base 1593 

35 of the sequence. No. 3; 

(e) a DNA which is a variant of the DNA represented by the above (d); 

(i) is hybridized with the DNA described in the above (d) under a stringent condition; and 

(ii) encodes a protein having a ferredoxin function; and 

40 

(f) a DNA encoding a protein having the same amino acid sequence as the protein encoded by the DNA 
represented by the above (d) or (e) though it is not hybridized with the DNA described in the above (d) under 
a stringent condition because of the degeneracy of a gene codon. 

45 8. A protein encoded by the DNA as claimed in Calim 7. 

9. A self-replicative or integrating replicative recombinant plasmid carrying the DNA as claimed in Claim 7. 

10. A transformant into which the recombinant plasmid as claimed in Claim 9 transforms. 

so 

11. A method of isolating a DNA encoding a protein having a ferredoxin function, the method characterized by using 
the DNA as claimed in Claim 7 or a DNA constituted of a part of the DNA as a probe or a primer. 

12. A method of producing a 16-position hydroxy macrolide compound, the method comprises the steps of culturing the 
55 transformant as claimed in Claim 5 or 10 in a medium; bringing the proliferated transformant into contact with a 

macrolide compound represented by the formula (III): 
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(wherein W represents 




R i2_ R i6b R i7a_ R i7b R i8_ R 2o a> R zob R 2ia and R 2ib_ wnjch may be the same ^ or different from _ respectively 
represent: 

(1) hydrogen atom; 

(2) sC V22 alkyl group which may have a substituent; 

(3) -OR (wherein R represents: 

1 ) hydrogen atom; or 

2) a C,^ alkyl group; 

3) a C 7 . 22 aralkyl group; 

4) a 5-membered to 1 4-membe'red heteroaryloxyalkyl group; 

5) a C 2 _22 alkanoyl group; 

6) a C 7 . 15 aroyl group; 

7) a C 3 _23 unsaturated alkanoyl group; 

8) -COR 00 (wherein R c ° represents: 

8-1 ) a 5-membered to 1 4-membered heteroaryloxyaryl group; 

8-2) a 0^22 alkoxy group; 

8-3) an unsaturated C 2 . 22 alkoxy group; 

8-4) a C 6 . 14 aryloxy group; 

8-5) a 5-membered to 1 4-membered heteroaryloxy group; or 

8-6) a 3-membered to 1 4-membered nitrogen-containing non-aromatic heterocyclic group, each of 
which may have a substituent); 

9) a C|_22 alkylsulfonyl group; 

10) a C 6 . 14 arylsulfonyl group; or 

11) -SiR^R^R 53 , (wherein R s1 , R s2 and H 53 , which may be the same as or different from, respectively 
represent a C 16 alkyl group or a C 614 aryl group), each of which may have a substituent); 

(4) a halogen atom; or 

(5) -R M -NR N1 R N2 , {wherein R M represents a single bond or -O-C0-; and R N1 and R N2 

1) may be the same as or different from, respectively represent: 

1-1) hydrogen atom; or 
1-2) 

(i) a C^22 alkyl group; 

(ii) an unsaturated C 2 . 22 alkyl group; 
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(iii) a C 2 .22 alkanoyl group; 

(iv) a C7_ 15 aroyl group; 

(v) an unsaturated C 3 . 23 alkanoyl group; 

(vi) a C 6 . 14 aryl group; 

(vii) a 5-membered to 14-membered heteroaryl group; 

(viii) a C 7 _ 22 aralkyl group; 

(ix) a C^jg alkylsulfonyl group; or 

(x) a C 6 _ 14 arylsulfonyl group, each of which may have a substituent, or 

2) and R N1 and R N2 may be combined with the nitrogen atom to which they bound, to form a 3-membered 

to 14-membered nitrogen-containing non-aromatic heterocyclic group}, provided that 

R 21a and R 21b may be combined with each other to form (i) a ketone structure (=0) or (ii) anoxime structure 

{=NOR°x (wherein R°* represents a alky! group, an unsaturated C 2 . 22 alkyl group, a C 6 . 14 aryl group, 

a 5-membered to 1 4-membered heteroaryl group or a 07.22 aralkyl group, each of which may have a 

substituent)}; 

R 16a represents hydrogen atom; 
R 21c represents: 

(1) hydrogen atom; or 



(wherein R 22a , R 22b and R 220 , which may be the same as or different from, respectively represent: 

1) hydrogen atom; 

2) aC 1 _ 6 alkyl group; 

3) -OR (wherein R has the same meaning as the above); 

4) -RM-NRN1RN2 (wherein R M , RN1 and R N2 have the same meanings as the above); or 

5) a halogen atom, or 

any one of R 21a and R 21b may be combined with any one of R 223 and 
R 22b to form the partial structure; 





); and 

G m represents: 



a group represented by the formula (GM-I): 
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(GM-I) 



{wherein 

R 2 and R 10 , which may be the same as or different from, respectively represent hydrogen atom or a C^_ 22 alkyl 
group; 

R 3a , R 315 , R 5a , R 5b , R 6a and R 6b , which may be the same as or different from, respectively represent: 

1 ) hydrogen atom; 

2) hydroxyl group; 
3) 

3-1) a 0^22 alkyl group; 
3-2) a Z V22 alkoxy group; 
3-3) a C 6 . 14 aryloxy group; 

3-4) a 5-membered to 1 4-membered heteroaryloxy group; 

3-5) a C 2 _ 22 alkanoyloxy group; 

3-6) a C 7 . 15 aroyloxy group; 

3-7) a C 3 . 23 unsaturated alkanoyloxy group; 

3-8) -OCOR™ (wherein R™ has the same meaning as the above); 

3-9) a C,^ alkylsutfonyloxy group; 

3-1 0) a C 6 _ 14 arylsulfonyloxy group; or 

3-1 1) -OSiR s1 R s2 R s3 (wherein R s1 , R s2 and R s3 have the same meanings as the above), each of which 
may have a substituent; 

4) a halogen atom; or 

5) -R M -NR N1 R N2 (wherein R M , R Nt and R NZ have the same meanings as the above); or 
R 5a and R 5b may be combined with each other to form a ketone structure (=0); or 

R 6a and R 6b may be combined with each otherto form a spirooxysilanyl group or an exomethylene group; or 
R 7a and R 7b , which may be the same as or different from, respectively represent hydrogen atom or -OR H 
(wherein R H represents hydrogen atom, a C 122 alkyl group or a C 2 . 22 alkanoyl group)}; 

(2) a group represented by the formula (GM-II) : . 



R 6b 



R 6a 



(GM-II) 
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(wherein R2, R3a, R* R6a, R 6b i R ?a R 7b and R io have the same meanings as those in the formula (GM-I)); 
(3) a group represented by the formula (GM-III): 



(wherein R 2 R5a R 5b_ R 6a R 6b R 7 a> R 7b and R io have the same meanings as those in the formula (GM-I)); 
(4) a group represented by the formula (GM-IV): 




(GM-IV) 



(wherein R 2 R 6a , R 7a , R 7t > and R 10 have the same meanings as those in the formula (GM-I)); or 
(5) a group represented by the formula (GM-V): 




(GM-V) 



(wherein R 2 , R 3a , R 6 * R®> and R 10 have the same meanings as those in the formula (GM-I))) during or after 
culturing, to convert it into a 16-position hydroxy macrolide compound represented by the formula (IV): 



V 



R 1 ^ 




(GM-IE) 



R 21b 




(IV) 
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(wherein W, R« R i7a R i7 b> R 2o a , R2 ob R 2i a> R 2ib R 2i Cand Qm have the same meanings as those in 
the formula (III)); and then collecting the 16-position hydroxy macrolide compound thus converted. 

13. A production method according to Claim 12, wherein thetransformant is the transformant as claimed in Claim 5 and 
has a DNA encoding ferredoxin. 

14. The production method according to Claim 12, the method comprises the step of converting a compound represented 
by the formula (lll-a): 




represents a double bond or a single bond; W represents a double bond or 



; R 5 ' represents hydrogen atom or an acetoxy group; R6' represents hydrogen atom or hydroxyl group; and R 7 ' 
represents hydrogen atom or acetyl group) into a compound represented by the formula (IV-a): 




(wherein 
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, W , R 5 ', R 6 ' and R 7 ' have the same meanings as those in the formula (lll-a)). 

15. The production method according to Claim 14, wherein, in the conversion of the compound of theformula (lll-a) into 
the compound of the formula (IV-a), the compound to be subjected is a compound selected from the group consisting 
of: 

(1) a compound in which 




is a single bond; W is 




and R 5 ', R 6 ' and R 7 ' are respectively hydrogen atom; 
(2) a compound in which 



4 



is a single bond, W is 




R 5 ' and R 6 ' are respectively hydrogen atom; and R 7 ' is acetyl group; 
(3) a compound in which 




is a single bond, W is 
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R 6 ' and R 7 are respectively hydrogen atom; and R 6 ' is hydroxyl group; 
(4) a compound in which 




is a single bond, W is 



R 5 ' is hydrogen atom, R 6 ' is hydroxy group; and R 7 ' is acetyl group; 
(5) a compound in which 



5^4 



is a single bond; W is a double bond; and R 5 ', R 6 ' and R 7 ' are respectively hydrogen atom; 
(6) a compound in which 



5—4 



is a single bond; W is a double bond; R 5 ' and R 6 ' are respectively hydrogen atom; and R 7 ' is acetyl group; 
(7) a compound in which 



5 —4 



is a single bond; W is a double bond; R 5 ' and R 7 ' are respectively hydrogen atom; and R6' is hydroxyi group; 
(8) a compound in which 



is a single bond; W is a double bond; R 5 ' is hydrogen atom; R 6 ' is hydroxy group; and R 7 " is acelyl group; 
(9) a compound in which 
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5^ 4 

is a double bond; W is 




; R 5 ' and R 7 ' are respectively hydrogen atom; and R 6 ' is hydroxyl group; 
(10) a compound in which 



5=4 



is a double bond; W is 




Ft 5 ' is hydrogen atom; R 6 ' is hydroxy group; and R 7 ' is acetyl group; 
(1 1 ) a compound in which 



5 = 4 



is a single bond; W is 



R 5 ' is acetoxy group; R s ' is hydroxyl group; and R 7 is hydrogen atom; and 
(12) a compound in which 




is a single bond; W is 
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R 5 ' is an acetoxy group; R 6 ' is hydroxy! group; and R 7 ' is acetyl group. 
to 16. Use of the transformant as claimed in Claim 5 or 1 0 for producing a 1 6-position hydroxy macroiide compound. 
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